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TRADITIONAL AND NONTRADITIONAL SOURCES
OF FUTURE RESEARCH SCIENTISTS

THURSDAY, JULY 11, 1991

HoUSE OF REPRESENTATIVES,
CoMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY,
SUBCOMMITTEE ON INVESTIGATIONS AND QVERSIGHT,
Washington, DC.

The committee met, pursuant to notice, at 9:30 a.m., in room
2325, Rayburn House Office Building, the Hon. Howard Wolpe
(Chairman of the subcommittee) presiding.

Mr. WoLrk. The hearing will come to order.

Today the Subcommittee on Investigations and Oversight will ex-
amine undergraduate science education as we look at traditional
and nontraditional sources of future research scientists. There are
few today that need to be convinced of the desperate state of sci-
ence and math education at all levels in this country. We simply
are not producing a sufficient number of students in science, and
those we are producing often do not have a quality science educa-
tion.

Now, more than ever, science and math education are vital to
the future of our country. Quality science education is necessary to
provide the professional and technical expertise critical to the con-
tinued advancements in such fields as health care, energy, econom-
ic competitiveness and environmental protection. In addition, we
must enable our country’s citizens to deal responsibly with an in-
creasingly technical society.

The Science Committee, of course, has had a longstanding inter-
est in science education. In recent years, the Science Committee
has held numerous hearings and enacted legislation on various as-
pects of science, math and engineering education at all levels: pre-
college, technical, undergraduate, and graduate. Our revitalized ef-
forts at all these levels are important.

Undergraduate schools are strategically positioned to impact
both pre-college and graduate education. Undergraduate schools
supply outstanding students to graduate science programs. They
can also improve pre-college science education by supplying better
qualified teachers.

The undergraduate years represent a crucial time in a student’s
education, since it is during the undergraduate years that future
scientists, college faculty, and teachers are recruited and educated.

In this hearing, in order to provide some focus, we will examine
two specific aspects of undergraduate s "ence education. First, we

will look at successful methods of scie®e education employed at
(¢))
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the small liberal arts schools, which traditionally have been
sources of outstanding science undergraduates.

These predominantly undergraduate schools produce math and
science baccalaureates at a rate which is three times that of the
national average. Graduates of these schools go on to earn Ph.D.s
in math and science at a rate over twice the national average.

At a time of declining science enrollment, it is imperative that
we support and expand vital undergraduate science efforts such as
those found at these colleges.

Secondly, we want to learn what can be done to increase the par-
ticipation of underrepresented groups in science. These underrepre-
sented groups, which include African Americans, Hispanics, Native
Americans, and women, are nontraditional sources of science stu-
dents. By failing to draw adequately on these groups, we are losing
out on a growing pool of diverse talent.

Testimony today will highlight the recently-released Project Ka-
leidoscope report, which addresses these two aspects of undergradu-
ate science education. Project Kaleidoscope is an in-depth study de-
signed to analyze and make recommendations on strengthening un-
dergraduate science and math education. The study was funded in
part by a grant from the National Science Foundation and in part
by private foundations, including the Kellogg Foundation.

The Project Kaleidoscope report recognizes the leadership role
the NSF has played in setting priorities for undergraduate educa-
tion. Certainly, the NSF has a number of commendable programs
addressing this issue. However, in light of the troubled nature of
science and math education, we must question whether current ef-
forts are sufficient.

Project Kaleidoscope is the most recent, but certainly not the
only, report of this nature to have appeared on undergraduate sci-
ence education. The goal of this hearing is not simply to hear about.
yet another report and its recommendations, but instead to come
away from this hearing with a concrete plan of action for urgently-
needed changes in policies and programs to strengthen undergrad-
uate science education. Such an actior: plan will be directed to-
" wards NSF initiatives, since it is the NSF that must take the lead
in this area.

Before turning to our opening statements this morning, I want to
express my concern about the attitude of certain officials of the
National Science Foundation who have responded rather defensive-
ly in recent days to legitimate oversight activities of this subcom-
mittee.

Specifically, 1 refer to questions that the subcommittee has
raised with the NSF about management of the Research in Under-
graduate Institutions program. This is a subject that has been actu-
ally highlighted in the Project Kaleidoscope report. It is highlight-
ed in the testimony of several of the witnesses we will be hearing
from today.

When we learned from one of these witnesses that NSF had abol-
ished its office for managing RUI, the subcommittee immediatel
sought information from the Foundation on the status of RUI A{
though the Foundation djd supply us with some documentation on
this decision, documentat®n which we will be reviewing later this
morning, one NSF official had a very different reaction.
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Dr. Joe Danek called subcommittee staff, not to discuss a sub-
stantive policy management question, but rather to probe whether
the subcommittee learned of these changes from an NSF employee.

Although as I said earlier, we learned of this matter from our
own witnesses, I am very disturbed by Dr. Danek’s response, which
seemed aimed at cutting off communication between the committee
and NSF on a subject which the committee has had a longstanding
interest. He seemed more concerned with this bureaucratically de-
fensive mentality, rather than solving the problem that is the sub-
ject of this inquiry teday.

I will be raising this matter later with Dr. Williams of the Foun-
dation when he testifies on behalf of the Foundation. I want to re-
ceive his assurance at that point that free and open communication
between the committee and NSF personnel will in fact be respected
and protected.

[The prepared opening statement of Mr. Wolpe follows:]
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Good morning, I welcome all of you to this morning's hearing.
Today, the Subcommittce on Investigations and Oversight will examine
undergraduate science education as we look at Traditional and Non-
traditional Sources vf Future Research Scientists.

I don't need to convince this audience of the desperate state
of science and math education at all levels in this country. We are
not producing sufficient numbers of students in science, apd those
we are producing often do not have a quality science education.

Now, more than ever, science and math education are vital to
the future of our country. Quality science education is necessary to
provide the professional and techniczl expertise critical to continued
advancements in such fields as health care, energy, economic competi-
tiveness, and environmental protection. In addition, we must enable
our country's citizens to deal responsibily with an increasingly tech-
nical society.

The Science Committee has of course had a long-standing interest
1n science education. In recent years, the Science Committee has held
numerous hearings and passed legislation on various aspects of science,
math, and engincering education at all levels: precollege, technical,
undergraduate, and graduate. while revitalized efforts at all of these
levels are important, undergraduate schoolr are strategically positicn-
ed to impact both precollege and graduate ecducation. Undergraduate
schools supply outstanding students to graduate science programs; they
can also improve precollege science education by supplying better qual-
1fied tecachers. The undergraduate years represent a crucial timc 1n
a student's education since it is during the undergraduate yecars that
future scientists, college faculty, and teachers are recruited and ed-
ucated.

In this hearing, in order to focus in some detail on concrete rec-
ommendations for actions, we will narrow the very broad topic of science
education to examine two specific aspects of undergraduate science ed-
ucation.

First, we will look at successful methods of science education em-
ployed at the small, liberal arts schools, which traditionally have heen
sources ot outstanding science undergraduates. These predominantly un-
dergraduate schools produce math and science baccalaureates at a rate
which is three times that of the national average. Graduates of these
schools go on to earn Ph.D.'s in math and science at a rate over twice
the national average.

In a time of declining science enrollment, it is imperative that
we support and expand vital undergraduate science efforts such as those
found at these colleges.
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Secondly, we want to learn what can be done to increase the par-
ticipation of underrepresented groups in science. These underrepresentad
groups, which include African Americans, Hispanics, Native Americans,

and women, are nontraditional sources of science students. By failing

to draw adequately on these groups, we are losing out on a growing pool
of diverse talent.

Testimony today will highlight the recently-relcased Project
Kaleidoscope report, which addresses these two agpects of undergraduate
science education. Project Kaleidoscope is an in-depth study designed
to analyze and make recommendations on strengthening undergraduate sci-
ence and math education. The study was funded in part by a grant from
the National Science Foundation and in part by private foundations, in-
cluding the Kellogg Foundation.

The Project Kaleidoscope report recognizes the leadership role
that the NSF has played in setting priorities for undergraduate cduca-
tlon. Certainly, the NSF has a number of commendable programs address-
ing this issve. However, in light of the troubled nature of gcience
and math cducation, we must question whether curraent efforts are suf-
ficient,

Project Kaleidoscope is the most racent, but certainly not the
only, rcprort of this nature to have appecarecd on undergraduate science
education. The goal of this hearing iB not simply to hear about yet
another report and its recommendations, but instead to come away from
this hearing with a concrete plan of action for urgently-needed changes
in policles and programs to strengthen undergraduate gciance cducation.
Many of these action plans will be directed toward NSF initiatives
since NSF must take the lead in this arca.

We are iooking forward to exploring this issue with the experts
we have invited here today and using their insights to formulate spe~

cific recommendations for actions to strengthen undergraduate science
education.

before we move on to other opening statements, I must exXpress my
concern about the attitude of certain officials of the National science
Foundation, who have been very defensive about legitimate oversight ac-
tivities of this Subcommittee in recent days.

Specifically, 1 refer to questions that the Subcommittce has about
management of the RUI (Rescarch in Undergraduate lnstitutions) program.
Project Kaleidoscope highlighted the importance of this program. So
does the testimony of several of our witnesses today. When we lcarned
from one of these witnesses that NSF had abolished its office for man-
aging RUI, the Subcommittee immediately sought information from the
Foundation on the status of RUI. Although the Poundation did supply us
with some documentation on this decision ~- documentation which we wall
be reviewing later this morning -- one NSP official had z very different
reaction. Dr. Joe Danek called Subcommittee staff not to discuss a sub-
stantive policy and management question, but to probe whether the Sub-
committee learned of these changes from an NSP employee. Although, as
I said earlier, we learned of this matter from our *itnesses, I am very
disturbed by Dr. banek's response, which secmed aimed at cutting off
communication between the Committaec and NSP on a subject on which the
Committee has had a longstanding interest.

I will raise this issue later this morning with br. williams of
the Foundation. I want to get his assurance that free and open com-
munication between the Committec and NSF personnel will be respected
and protected,
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Mr. WoLpEk. I should indicate that—you have heard the bells just
now—we have a rather important Democratic caucus taking place
this morning. After I offer an opportunity to Mr. Nagle and Mr.
Sensenbrenner to make any opening remarks they might care to
make by way of opening statements——

Mr. SENSENBRENNER. I have no opening statement.

Mr. WoLpE. Mr. Nagle?

Mr. NAGLE. I have no opening statement.

Mr. WoLrpe. In a moment, then, I will be recessing the hearing to
allow the Democratic members to record their votes in a quorum.
We will not await the conclusion of the caucus, we will be getting
the hearing underway in 10 or 15 minutes. But we will have to
recess one more time to allow us to record our votes in the leader-
ship race that is taking place this morning.

With that, I think the best thing to do would be to actually
recess at this point, and we will be returning momentarily.

[Recess.]

Mr. WorrE. The hearing will resume. I would like to invite our
first panel of witnesses to come forward to the table.

Our first panel will present the findings and recommendations of
Project Kaleidoscope with regard to undergraduate science educa-
tion at the small liberal arts schools. In this hearing we would like
to find out from this panel how these schcols produce such a high
percentage and high quality of science and math graduates, and
how some of these strategies might be adepted at other schools.

We also hope to learn how to make Federal efforts, especially
those of the National Science Foundation, more effective in pro-
moting the programs of these institutions.

We will be hearing from Dr. Daaiel Sullivan, President of Alle-
gheny College in Meadville, Pennsylvania. He served as Chair of
the Executive Committee for Project Kaleidoscope. He will be fol-
lowed by Dr. Timothy Light, President of Middlebury College in
the State of Vermont.

Our next witness will be Dr. Michael Doyle, Professor of Chemis-
try at Trinity University in Sar Antonio, Texas, and a Founder of
the Council on Undergraduate Research, the Editor of the Council
on Undergraduate Research Newsletter, and a member of the
Projeci Kaleidoscope Advisory Committee.

I will reserve introduction of our last panelist, Dr. James Swartz,
for Congressmar: Nagle, who will be returning very shortly.

As you know, in order not to prejudice any past or future wit-
nesses, it is the policy of the committee to swear all witnesses in.
Does anybody have any objection to being sworn in? If not, will you
all please stand and raise your right hand.

[Witnesses sworn.]

Mr. WoLpE. I want to remind all the witnesses that because of
time constraints we are asking that everyone stay within the five-
minute time frame for their oral presentations. Your entire written
statements will be entered into the record, of course. But in light of
the large number of witnesses we will be hearing from today, it is
important that we try to stick to that time limit in order to provide
gufficient time for questions.

«J




7

We also have a little timer here which will ding in a little less
intrusive way than my pounding the gavel on you, but we hope
when you hear the ding you will conclude your remarks.

_ Without objection, there will be photographs taken at this hear-
ing.

With that, let me invite our first witness, Dr. Sullivan, to begin
his testimony.

TESTIMONY OF DR. DANIEL F. SULLIVAN, PRESIDENT, ALLEGHE-
NY COLLEGE, MEADVILLE, PA; CHAIR, PROJECT KALEIDO-
SCOPE EXECUTIVE COMMITTEE

Dr. SuLLivaN. Mr. Chairman, members of the Subcommittee, my
name is Dr. Daniel F. Sullivan. I am President of Allegheny Col-
lege in Meadville, Pennsylvania. I am pleased to have this opportu-
nity to speak to you about Project Kaleidoscope.

For the past two years, I have served as Chair of the Executive
Committee of Project Kaleidoscope which, as you indicated is a Na-
tional Science Foundation sponsored panel of college presidents,
academic deans, and faculty from liberal arts colleges all across the
country, convened to identify what works in science and mathemat-
ics education and to recommend an action plan for reform of the
undergraduate portion of our badly underperforming system of sci-
ence and mathematics education in America.

Our report, “What Works: Building Natural Science Communi-
ties,” was presented to Dr. Walter Massey of the National Science
Foundation exactly one month ago. I have summarized its essential
conclusions in the written testimony in advance of this hearing.
The report speaks powerfully to the issues on your agenda today. I
would be happy to discuss any and all parts of it in response to
your questions.

What is not in the report, and what I would like to focus on is
how the issue of quality science and math education looks to the
president of a liberal arts college, and in particular how involve-
ment of a college like mine with the NSF leads over time to strong-
er and stronger teaching and learning in science and math.

We know that what works in science and math education is
learning that is hands-on, active, investigative and experiential,
where the curriculum is rich in laboratory experiences, steeped in
the methods of scientific research as it is practiced by professional
scientists, and where students and faculty work together in the
learning community.

This kind of science and math education does not just happen, as
is obvious from its absence in so many undergraduate institutions.
It must be consciously sought and planned for by faculty and ad-
ministrators. There must be a vision and a plan pursued over a
great many years. Presidential leadership and commitment is vital.

One of the most critical kinds of presidential leadership involves
linking the college with its local concerns and needs to national re-
sources and needs. The National Science Foundation is for our col-
leges perhaps the most significant national resource, not just
through the funding it provides, but more importantly through the
ongoing peer review which results from participating in its grant
competitions.
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Let me illustrate with this past year's experience at Allegheny.
We were fortunate this year to receive funding for four of the five
proposals we submitted to NSF under the Instrumentaiion and
Laboratory Improvement Program, ILI One of these funded pro-
posals, involving the introduction of a laboratory method of teach-
ing calculus allowed us to equip an additional laboratory with a
cluster of NEXT workstations. Next year, all calculus teaching at
Allegheny will take place in hands-on laboratories, where faculty
will act essentially as coaches rather than lecturers.

We have learned through several years of experimentation that
this apprcach succeeds better with our students than traditional
forms of mathematics teaching.

But this proposal took three years to be successful in the NSF
competition. The first year involved exploratory conversations with
NSF staff, who taught us where the research front is nationally
with respect to this kind of teaching innovation, and put vs in
touch with key people at other institutions.

In the second year, we submitted our first proposal and were un-
successful. However, the feedback on our proposal brought our fac-
ulty into closer contact with where the action is nationally. We
were learning all the time, innovations from other institutions
were diffused and tested against our own experience, and our ap-
proach was improved and refined.

The equipment money we have received for our successful second
attempt is terrific. The long-term impact of being brought into the
club in this area of mathematics pedagogy will in my judgment be
even greater.

The NSF undergraduate education programs do this over and
over with a large number of institutions, each receiving a handful
of relatively small grants. It is the primary way NSF exerts a form
of leadership and enters into a partnership deeply respectful of
local campus dynamics.

The NSF, after all, cannot do science and math education for us,
and it cannot just tell us what to do. But it can and does exert sig-
nificant leverage in support of a theory of science and math educa-
tion on which there is now a strong national consensus, by rein-
forcing thoughtful local initiatives.

We at Allegheny have benefitted in this way, not just from the
ILI program, but from NSF grants supporting our efforts to intro-
duce a focus on science and math teaching preparation into our ex-
isting teacher preparation program and from a major NSF facili-
ties grant that has allowed us to renovate completely our psycholo-
gy laboratories. In each case, engagement with the peer review
process was like commissioning an external departmental program
review.

In my view, existing practice and existing programs in under-
graduate science and math education within NSF are pretty close
to the mark. For the most part, the right programs are in place.
They remain significantly underfunded.

There is occasionally the teroptation to seek grand global models
and solutions by funding huge demonstration projects at a small
(rilulmb_er of institutions. I believe such an approach is a snare and a

elusion.
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Just as active learning is what we wish our students to experi-
ence, so do we support and encourage active learning on the part of
the faculty at the incredibly diverse undergraduate institutions
that make up America’s higher education landscape.

I would be pleased, as I indicated, to respond to the questions of
the subcomnuttee about the Project Kaleidoscope report and re-
gpectfully thank you for inviting us here to speak with you.

[The prepared statement of Dr. Sullivan follows:]
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Mr. Chairman and Members of the Subcoomittee: My name is Dr. Danfel F.
Sullivan. I am President of Alleghany Collegs in Meadville, Pennsylvania, and I
an pleased to have this opportunity to speak to you on bshalf of Allegheny
College, our aister institutions within the Associated Colleges of the Hidwest
(ACM). the Great Lakes Colleges Association (GLCA), the Centrsl Pennsylvania
Consortium (CPC), and Project Kaleidoacops.

For the past tvo years I have served as Chair of the Executive Committee of
Project Kaleidoacope, a National Science Foundation-sponsored panel of college
. presidenta, academic deans, and faculty convened to identify what works in
sclence and mathematics education and to recommend an action plan for reform of
the urdergraduate portion of our badly underperforming system of acience and
mathematics education in America. Our report, "What Works: Building Matural
Science Communities,” was presentead to Dr. Walter Massey of the National Science
Foundation exactly one month ago. The report speaks powerfully to the theme of
this hearing, *Traditional and Nontraditional Sources of Future Research
Scientists.”

It is important to note right at the outset, Mr. Chsirman and Members of
the Subcoomittee, that Project Kaleidoscope came into being at the initiative of
the National Science Foundation. Kaleidoscope ia an example of s growing
recognition by NSF that its powerful and viaible leadsrship, not just its money
for research and education, must be brought to bear if our performance as a
nation in science and nathematics is to improve. We need the NSF to take a
strong role in setting the benchmarks for juality in science and mathematics
education, and to pull the community together in order to move forward
systemstically. We need the colleges and universities of America to acknowledge
their responsibilicy to be exsential partners in the national effort to address
the challenges we face in science and mathematics. The colleges are prepared to
play their rola; we know the NSF ia committed to playing its essential role.

The NSF has come a long way since the disastrous sclence education policies
of the early 1980s. Interagency coordination of science and math.pmatics
education policy, under the auspices of the Committee on Education and Human
Resources of the Federal Coordinating Council for Science, Engineeiing. and

Technology (FCCSET), has perhaps never been better. For the most part, the right
prograns are in place. In crucisl respects, they remain significantly
underfunded, making the task of improving science and mathematics education for
all Americans s difficult one.

We know from dozens of reports and studies during the past six years that
this nation has deep-seated problems of equity, quality, and quantity in science
and mathematics education:

- There is an alarmingly low level of scientific and technological literacy
in the general population.

- There is a projected critical shortage of well-educated scientists.
mathematicians and engineers.

- There are severe inequities in the access of minorities and women to
science and mathewmatics fields.




Several indicators ahow clearly the distreaaing state of science and
mathematics education in America:

- National asaesamenta show that only about 7% of U.S. adults and 208 of
college graduates are literate in science.

- The number of antering college freshmen vlanning to major Ln one of the
physical sciencer declined by 61% in 16 years, from 7.3% in 1967 to 2.4% in 1983,
and since that time the percentage has remained level.

- The percantages of Ph.D.‘s in mathematical and physical sciences awarded
to Americans haa declined significantly in the laat thirty years. These
percentages are now less than 70% in the phyaical aciences, 50% in mathematics,
and 45% in engineerxing.

- Whereas Blacks comprise 12% of the population, they receive only 4% of
the scienca and engineering baccalaurcates and 2% of the doctorates.

It is clear from these and other data that U.S. acience and mathematics
education fa underperforming serioualy.

In Project Kaleidoscope we focused our attention on 2 group of colleages
the liberal arts colleges of America -- where the pattern is remarkably different
from the national data. We sought to understand what works in these colleges,
and then formulated a national action plan based on our understanding.

Carnegie classification Liberal Arts I colleges outperform all other Carnegfe
es who
achisve & Fh.D. {n science or mathematics.

The first point that needs to be made .- and made emphatically -- {s that
the nation‘s liberal arts colleges, especially the 140 colleges in Carnegie
Classification Liberal Arts I, are major players in the production of scientists
and mathematicians. As institutions we are typically small in size, but our
commitment to a well-rounded education -- including significant exposure to
natural science and mathematics -- and our approach to teaching, attract and keep

students in science and mathematica. The facts are these:

- Over the past thirty years America’s liberal arts colleges have produced
science and mathematics baccalaurcates at a rate over three times the national
average. With only 3% of the nation’s undergraduate enrollment, Liberal Arts 1
institutions award 10V of the nation’s total baccalaureate degrees in the natural
sciences and mathematics. This 10% equates to an absolute number of science and
mathematics baccalaureates that is greater than the number produced hy Carnegie
Classification Reseaxrch I Universities, the nation’s top research un‘versities.
It is not uncommon to find liberal arts colleges graduating more majurs in
science or mathematlcs than nearby universities that are ten times larger. At my
own college -- Allegheny -- and over a f£ifty year span of time, 25% of graduat ing
seniors have aajored in a natural science or mathematics field, and in several
years in the last decade we graduated more chemistry majors than all of Penn
State University.




- Coapared to all other types of colleges end universities, liberal arts
colleges ara also high producers of woman, Black and Hispanic natural science and
mathematics baccalaureatea.

- Graduates of the liberal arta collegea eern Fh.D.'s in sclence and
nathematics at over twice the national average (twelve per thousand as compared
to six per thousend on average), and their women greduates earn science and
mathenatics Ph.D.’s at a rate higher than is the case for other college and
university categoriea.

- In wy state, Pennsylvania, 158 of the baccalaureate degrees are awarded
by independant liberal arts colleges, but 198 of the degrees in science and
mathematics are earned by liberal arts college graduates; 318 of the Ph.D.’s in
science oxr mathematics earned by graduates of Pennsylvania collegss or
universities ere earned by liberal arts college graduates; and 47% of the
graduates of Pennaylvania colleges or universities in the National Academy of
Sciences earned their degreea at Pennsylvania libaral arts colleges.

The record is clear. Something special happens to science and mathematics
students in the nation's liberal arts colleges. These colleges are a pump rather
than a filter in tha gcientific manpower pipelina. Liberal arts institutions
need to be at the table when science education policy is made. We have much to
contribute to the solution of America's underperformance in science and
mathemetics,

What accounts for the differential productivity of the libersl arts
colleges in science and mathematics? The purpose of Project Kaleidoscope was to
answer just that question .- to discover and clearly communicate what works in
sciance and mathematica education.

a invegtigative, and oxperiensial,
whexs the curricuium {s rich in laboratory experiences, steeped {n the methods of
sl scientists where
r_work

Liberal arts colleges are p'aces where teaching end research come together
in practice as well as in theory, where senior professors are actively engaged in
clasaroom and laboratory taaching, and where the commitment to teaching is
supported by {nstitutional procedures related to hiring, tenure, and promotion.
They are distinguished by educational environments that offer students small
classes and regular study groups. Many of these institutions offer students
plentiful opportunities to work one-on-one with faculty, a curriculum that
strives to be lean but lab-rich, and abundant opportunities for hands-on
research. Because of their traditions, size, and lack of bureaucracy, these
institutions can aexve as testing grounds for new approaches to teaching and
learning: they have flexible curricula and faculty who break away from
established disciplinary norms.




The Best Science Courses are Investigativo

The best college sclence courses, from introductory to advenced levels, are
conceived and run in a partially investigetive moda. Investigation, the natursl
arena for using and solidifying one’s knowledge, may be manifest in open-ended
laboretory and library projects or in small research projects made aveilable to
students. The personal and social attributes of learning science in en
investigative mods extend to the whole of thez student’s experience. Having
profeseore in undergraduate laboratories -- all Allegheny scilence faculty teach
introductory science courses with laboretories, for example -- means that they
get to know their etudants and their capabilities exceedingly well. This close
contact is important in the process of beccming a scientist.

Eull Access to College Facilities and Rssources is Essential

In liberel arts colleges students typically have eccess to science
libraries, computere, laboratories, instruments, class materials, study ereas,
end class end seminar rooms twenty-four hours a day, seven days a week. The
grest pedagogical payoff of having a science building occupied and used by
studants at ell hours is that they davelop a learning community. Advanced
students help beginners learn how to function efficiently; the student network
disperses knowledge of where materials are, how instruments work, what is in the
library, how to use comuters, and who is expert on what. Most importantly,
students receiva the kind of feedback that engsnders the confidence and
inquisitivensess of a secure identity.

The Curriculum Should Be Lesn and Lab-Rich

Science a&s practiced in liberel arts colleges is generally lean in number
of coursas offered and in formel requirements for the major. A student aspiring
to a caresr tied to the major will fulfill requiresents for that career as
interest quickens. The crucial thing is to get the student to start aspiring, to
enter on the process of learning the discipline. This end is best served by
introductory courses that involve investigation and by streanlined requirements
for the major; elaborate majors that anticipate every contingency by requiring
arrays of lock-step courses are recipes for depopulated departments. Faculty in
liberal ertas colleges gensrslly concentrate, therefore, on making a limited
nuaber of courses superb, well-integrated, and important rather than laboring to
creste 8 varied menu of courses that provide an exhaustive survey of the
discipline.

In sumssry, sclence instruction at liberal arts colleges is a case of "less
being more.” There is less formal content in the curriculum, less total
expertise and specialization in the faculty, and perhaps fewer holdings in the
library and the instrument rooms. There is, however, wore exposure of students
to real science: to the research-like modes of taking infitiative, figuring
things out, working with others, asking questions and discussing, making things
vork, using the library, and thinking and writing critically about procedures and
results. Sclence learning in liberal arts colleges is more frequently active
learning, not passive learning. That is why more of our students begin and
complete mejor studies in science and mathematics.
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Given this understanding of what works in undorgraduate science and
mathematics education, what initlativas must rsceive the highest priority in the
next five yeare? Project Kaleidoscops recommends four critical initiatives, each
of which requires active commitment and leadersh!p on the part of the National
Science Foundation, oversight of which {s the responsibility of this eubcommittee
of the House Committes on Scisnce, Space, and Technology.

Where to start: init{stives which must receive the hivhest orifority in the next
£ive years.

INITIATIVE 1. REFORMING THE INTRODUCTORY COURSES IN UNDERGRADUATE SCIENCE AND
MATHEMATICS.

*Rscommsndation #1: The FY 1983 NSF Budget Request for Instructionsl Lsboratory
Equipment be increased to $33 million, with a continuing focus on introductory
courses.

*Recommsndation #2: The FY 1993 NSF Budget Request for Course end Curriculum
Development include an $18 million outlay for local improvementa in Introductory
courses at colleges and universities, in addition to the outlay for comprshensive
programs, h

*Rscommendation #3: These programs be housed, along with their budget authority,
within USEME, with sn administrative structure that addresses the need to
coordinate programs and policies with the research directorstes.

The transformation of introductory courses must be NSF’'s highest
undergrsduate priority over the next five years. A significant body of research
end our own experience confirms that tha first year of college is the point of a
critical drop-off in numbers of students in science and mathematics courses.

Students acquire and confirm lifelong belisfs and attitudes about science
and pathematics in their introductory courses. This is where they make the
decision whether or not to major in these fields, whether or not to take further
coursea, whether or not it is important to be literste on science issues. When
these courses are dull, consisting mainly of lectures and canned labs, when they
kesp students isolated and pasaive, and prese on at breakneck speed for the sake
of "covsrage," when they are too big and fsculty members ere unwilling to support
each student’'s progress, they slam the door on the positive attitudes toward
science. The final formal experience of learning science is often one of
frustration and failure. Courses lebeled introductory turn out to be terminsi.

Our own experience validates that the introductory course can be a pump
insteed of a filter. Introductory courses can give first-year students the
pleasure of discovery and the opportunity to construct personal understanding of
science and mathematics at a critical stage in their scademic career.

The recommended funding levels given above ars consistent with those {n the
Neal Report; they address the demonstrated interest at the local level to
strengthen underyraduate programs, and they establish a more equitable balance in
NSF support for rosearch and education prograas.
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Several hundred proposals, requssting over $200 million, weres submitted to
NSF for the first competition of the expanded Course and Curriculum Program,
axcluding proposale in Calculus and Engineering. The available funds through
USEME, for &ll disciplines, was $14 million. A eimilar lavel of interest fe
ovidant in the Instructional Laboretory Isprovemant (ILI) program, where eech
year proposals reviewed requeet almoet four times the funds availabla from NSF.
We are particularly concarned that the College Science Improvement Program (CSIP)
-- the ILI componant for predominantly undsrgraduste institutions -- hae been
level funded for the past throe years.

We ask the NSF to considar a new program for departmental development of
lowar-division couress -- ona that would include eupport for instrumentacion,
development time and eupplies for nev curriculum, and faculty expansion and
enrichment opportunitiss. Such a nav program would ewphasize again the integral
relationship of each of tha parts of the undergraduste acadsmic experience in
4 science and mathematice. Moreovar, it would sstablish a weans by which .".e N
experiences and rescurces of predominantly undergraduate institutions can serve
ae modeles for etrengthening undergraduata ecience and mathematics.

In all of thees programs, ome critarion in determining grants should be the
inpact thet an avard will heve on attracting and sustaining student interest in
science and mathematice. A mors targeted focus on coursss for science literacy \
for all students should bs announced, perhaps supported jointly betwssn the NSF,
the National Endowaent for the Humanities, and the Fund for the Improvement of
Pogt-Secondsry Education. We understand that the NSF, tha NEH and FIPSE have
Just begun euch an initiative. We applaud it. The means by which the impact of
the proposed projects would be evaluated and by which their activities would be
disseminated to the largar community ehould alec bs a review criterion.

Parallel to the recommendations of adequate funding levels and expandad
pPrograms, ve recomsand that the NSF setablieh a budget line ftem for these
prograns, and hold a single office accounteble for coordinating the distribution
of grant funds. Wa recognize NSF's current retionale for cross-directorate
prograns; hovever, funds “targeted® within research directorates for
undergraduate programs have often become the first casualty when evailable funds
for research are not adequats. If we are to xove with all delibsrate speed to
schieve the casential reformation in introductoty courees it the undergreduate
level, there must be within NSF a strong, highly visible office where these
programs are initiated, integrated and coordinated. Wa balieve that office
should be USEHE.

IRITIATIVE II. SUPPORTING THE INTEGRATED TEACHER/SCHOLAR ROLE OF UNDERGRADUATE
SCIENCE AND KATHEMATICS FAGULTY.

*Recommendation #4: The NSF Research Experiences for Undergraduates (REU)
Program be expanded so that more studsnte from libersl erve institutions can be
provided the opportunity to do research at their home institutions and to allow
REU Supplements to be used flexibly to support studant-faculty research in
predominantly undergraduate fustitucions, espscially for those groups
underrepresanted in science.
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*Recommendation #5: The NSF progrsms for undergraduate faculty supporting
professional growth, including resasrch and other scholarly activity, be
strengthened and broedaned.

The hands-on, discovery-bassd, laboretory-rich approech we advocate
requires that teaching faculty be ectively engaged in scholarship. Faculty
sctive in scholarsbip foster & culture thet enhancss the community of learners;
these faculty are often the most productive leaders in curriculua reform and
laboretory improvement efforts, locslly and netionall: Faculty ective in
scholarehip are the most effactive role models for eti nts, end feculty-student
rasearch partnershipe have been shown over and over to be a critical pump in the
caresr pipaline, The distribution of ravised Important Notice #107, which
raquires rescerchers to document the ".,.effect of the proposed research on the
infrastructurs of science end sngineering..." was a welcome step in recognizing
that teaching and research should bs integreted sctivities in the nation’s
colleges and universities.

Ve strongly support the REU program. However, because of the level of
funding, only e amall fraction of Site awards prasently cen bs used to support
students at their own inatitutions. This hes discoursged significant numbers of
highly qualified depsrtments at undergraduate institutions from applying. Just
as graduate dspertments uss this program to recruit studgnts to attend their
graduste programs, undergradusate departmente should be given the resources to use
this program to recruit students into science and to retain them in science,
mathematics, and engineering. The most successful graduate students are those
who have a solid grounding in reaserch techniques -- vho know what science is
about.

The on-campus regsearch programs of undergraduate feculty are supported
through the NSF Ressarch in Undergreduste Institutions (RUI) program.
Maintaining and enhancing this velusble program ig critical to the overall effort
of etrengthening the undergraduate academic axperience. Given its distributed
nature, strong oversight of RUI by a single office must be reinstituted to ensure
that the importance and distinctive cheracteristics of undergraduate resesrch
continue to be recognized. We further recommend that the NSF consider a simpler,
atreamlined awerd aystem for small-scale individual grants for undergraduate
faculty. 1In eddition, we recommend investigation of a modifisd program of start-
up grenta for undergreduate faculty, with criteria similer to those within the
current Presidentisl Young Investigetor Program, but at a lavel of support more
appropriate to the needs and scale of resesrch of faculty et predominantly
undergraduate institutions.

We recommend further that the NSF establish e faculty development program
that would support feculty exchanges between strong undergraduate institutions.
In our studisa we have found many successful teacher scholers in undergraduate
institutions who cen azerve effsctively as mentors end role models for colleagues
at other undergraduate institutions. A program of feculty exchanges would
provide important opportunities for joint curriculum development based on
disciplinary, technological, and pedagogicel sdvancea. It would also essist in




the davelopment of partnerships working together towerd the common goal of
strengthening the undergraduste experience in science and mathematica. This
awerd would parallel the current ROA program which enablas undergreduats faculty
membera to do research at sajor universiiies.

The Neal Report racommended that the NSF spend $17 million by 1991 for
programs focused on the enrichment of undergraduate faculty. The 1992 budget
request for the Undergraduate Faculty Enrichment program, though increased over
paat years, is $6 million. Thia is inadequate. We take 400 as the base number
of science-astive undergraduate institucions. If the NSF is to have an impact at
such instituriona acrosa the country, support for faculty entichmant programs
must be expandad.

INITIATIVE I1I. MAKING DISCIPLINARY CONTENT AND ACTIVE LEARNING CENTRAL TO THE
EDUCATION OF X-12 TEACHERS OF SCIENCE AND MATHEMATICS:

*Recommendation #6: NSF priorities for the pre-college sector include
encouraging colleges to redirect the structure and content of their teacher
preparation programe to focus more directly om science and mathematics --
utilizipg en setive, fnvestigative, hands-on, conteni-based approach.

*Recommendation w7: NSF support e wider rangs of pre- and in-service activities
for K-12 teachere, making use of the resources of all colleges with strxong
undergredusts programs in science and mathsmatics.

The single most important determinant of what elementary and aecondary
students learn in sclence and mathematics is how much their teachers know.
Teacher preparation must include substantial, deep expoeure to the content of
subjects they will eventually teach. Teachars for the nation’s K-12 community
aust be pre-service and in-service involvement with a handg-on, laboratory-rich,
active learning experience with science and mathematics. This must be the way
they are prepared in their undargraduate courszes, another reason why NSF's first
undergraduate priority must be reform of introductory courses.

In setting N'SF priorities for K-12 programs, we urge you to remember that
undergradusate colleges, particularly these in the Carnagis Liberal arts I

classification, graduate higher percentages of their students with majors in
science and mathematics. Thess colleges, whoae faculty are comaitted to the
hands-on approach to learning, are natural sourcea of a substantially increased
strean of properly educated ecience and mathematics teachers. These colleges are
also excellent resources for the development of new materiala for science and
mathematics at the pre-collegiate level.

A large number of the colleges for whom wa speak have entered into formal
and informal partnerships with schools, bringing teachers to campus as research
assoclates, end providing opportunities for teachers to gain new undsrstanding
about disciplinary advances and pedagogical approaches. It ia clear from our
Project Kaleidoscope research that the potential is great for effective
collaboration in faculty/teacher development opportunities and in the design of
new materiala for the slementery and ‘secondary levels. These cooperative




opportunitiea should be expanded, including their incorporation into REU
projecta, and axpanding the ROA program to include K-12 teachers. Vo sae
education as a "seamleaa wab,” and tha undsergraduata aactor as a key strand in
tha web.

IRITIATIVE IY. DEVELOPING PARTNERSHIPS FOCUSED ON STRENGTHENING UNDERGRADUATE
SCIENCE AND HATHEMATICS

*Racommandation #8: Tha NSF provide opportunities for regular national and
rogional colloquia to diacusa what works in undergradusta science and mathematics
aducatic.s.

*Racommandation #9: NSF guidelinea outlina spacific criteria relating to
partnarships betwaen schools and collagea, colleges and universities, and
collagea and the private zector, focusing on faculty and curriculum deve lopment
activities, aveluation and diasemination,

*Racommandation #10: Diacussions about the proposed auper computer highway
include linking undergraduata acianca and mathematica faculty so that they can
communicata ragularly about rasaarch and teaching intereats and have access to
regionul and national computing centera. Pre-college teachers of science and
mathematica aleo should ba linkad to thia highway.

. It ia clear that aach sactor of the science and mathematica education
community haa & uniqua contribution to make in addreaaing national goals; it is
equally claar that va can accomplish mora by working together than by working
separately, Tha NSF has the ability to develop and sustain such working
partnerships on a national basis, and to model within its own structure how such
partnerships can ba devalopad and auatainad,

Tha aucceaa of many of the current networka supported by the disciplinary
organizationa, educational assoclationa, private foundatfons, and corporations,
demonstratas that thera are aignificant nusmbers of parsons who ars ready and
preparad to work togather to strengthan tha nation‘a acientific and educational
enterprisa, Our Project Kaleidoacope rassarch has uncovered a growing national
corsansus about what works in aciance and mathomatics and a commitment to get on

with tha task of improving tha programs for which wa are responsible. Ve
recocmend that tha modal of tha Project Kalaidoscopa National Colloquiuam,
bringing together institutional teama -- including presidents, deans, faculty
mebars and davalopuant officars +- ba considerad in the planning of further
colloquia.

Leval of NSF funding i{s not the only wey to identify strong programs, The
networks to ba daveloped should includa rapresentatives fronm all segments of the
educational community., Thasa networks should have ct their center those colleges
and universitiea that have a demonstrated productivity in undergraduate science
and nathamatics,
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As one sxample, with support from the Kellogg Foundation, there was a large
raprasentation st the Netional Colloquium from ths Historically Bleck Colloges
and Universities. Their contribution during the colloquium wea significant;
equally significant, we hope, are the connections that vere made for cooperative
eofforte in the coming months and years.

A final concern -- of critical importance, though we have not included it
83 8 separate racommended initiative -- relates to facilities. The megnitude of
the facilities deficit at pradominantly undsrgraduate institutions {s known to us
all. If needed reforms are to be made in introductory courses snd meaningful
reseerch opportunities are to be provided for faculty and undergrsduate students,
our facilities must eccowmodate such reforms and programs. It 1s hard to imagine
how predominantly undergraduate institutions acroas the country asre going to
tackle successfully the pressing facilities problems without the NSF as a major
player. With its peer review process exerting quality control -- sliminating
pork barrel decisions about acadsmic prioritiss -- and vith the leverage its.
support can bring as collages.seek funds for facilities from other sources, a
facilities program at NSP io critical. The recent NSF prograa for facilities
nmodernization (RFO) was a promising beginning; wea regret thet this program {s not
{ncluded in the currant NSF budget request. Of perticular vslue i{n the RF0
program was the formula distribution of funds between educstionsl sectors. This
was 8 clesr signal thet each sector had much to contribute to the total national
effort; this model should be continued as further NSF programs for fecilities and
for major instrumantstion are planned.

Ve urge the NSF to teks @ leadership role on the facilities fasue, and join
with Congross and the nation’s colleges and univeraities to detsrmine how to
balsnce the infrestructure neods of all sectors of the research snd research-
training communities. The current plan to provide sunport for major research
{instrumentation rather than for research and research-training facilities does
not address the nead for bettar balance in NSF support to the diffarent sectors
of the community. It would be particularly helpful if the NSF would establish a
culti-year facilities program linked to courss and curriculua development and the
ascquisition of instructional instrumentetion. Collages and universjties could
then build such an NSF program into their long-range plans for facilities
modernization. A study of ths nesds of the undergrsduste sector for teaching,
research, and rasearch-training facilities would assist in developing the
naceassry long-rangs plan.

Mr. Chairman and Mewbers of the Subcommittse, those are the Project
Kaleidoscops rscommendations. They represent a broad consensus of views within
the undergreduata libersl arta college sector of higher education. We believe
their {mplamentation will move us forward strongly toward improved national
performance in sclence and mathematics. I thank you for the opportunity to make
our cese to tha Subcommittse.
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Mr. Wovrpe. Thank you very much. Dr. Light.

TESTIMONY OF DR. TIMOTHY LIGHT, PRESIDENT, MIDDLEBURY
COLLECE, MIDDLEBURY, VT

Dr. Licut. Mr. Chairman, | am grateful for the privilege of being
here. This is something I have waited for for a long time, and it is
a great opportunity. I am not a scientist, like the members of the
committee, and therefore I cannot speak technically, and 1 would
not be able to answer any technical questions. However, ironically
over the past five years, I have had major responsibility for two sci-
ence colleges, and in those institutions I have learned three things.

First, we have a national crisis in the production cf future scien-
tists. We are in effect eating our seed corn. Secondly, as a Nation,
our Federal policy is doing next to nothing to solve that problem.
Thirdly, the small, private sector, which we are dependent upon to
solve that problem, is increasingly unable to meet the costs of serv-
ing its traditional role in disproportionate production of scientists
for the future.

I refer to a science college. I was provost and an acting president
at Kalamazoo College in Michigan, and &.« now president of
Middlebury College in Vermont. These two colleges, along with
some 50 others, are known as the science colleges. They are known
as that because they produce disproportionate numbers of gradu-
ates in sciences who then go on and get Ph.D.s and beccme profes-
sional scientists.

What makes a science college? I think probably two things. First
of all, they teach science through an apprenticeship method of
teaching, and the students become scientists while they are under-
graduates because they are deing research collaboratively with
their instructors. The faculty are hired to be ieachers and research-
ers, not researchers separated from their students.

Secondly, the students come from traditional middle and lower
income families with a very strong work ethic who attain great
pleasure by hard work devoted towards something which is of serv-
ice to their country.

I would like to leave you with three facts which I hope will be of
importance in the future. First, this Nation has been and still is
very dependent upon the small private sector for the production of
scientists. It is much more dependent upon the small private sector
than anything in national policy or national funding would sug-
gest.

Secondly, the costs of doing undergraduate science have escalat-
ed in proportion to everything else we do at a point where thirdly,
we cannot continue to keep up the quality at the level which we
historically have done.

What is needed? The problem with stating what is needed is that
the sums which we need are importent to us, but are so insignifi-
cant in terms of the overall Federal budget that they get lost in
Washington. First, we need an infusion of money for science facili-
ties—buildings and laboratories—at approximately $100 million
per year, which we could compete for and for which we would be
able to raise matching funds.
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We need faculty research support. We need student research sup-
port so that student jobs would be related to their work in science.
We need equipment support because the renewable equipment in
science is one of the costs which we are increasingly unable to
meet. And finally, we need support for course and curriculum de-
velopment.

In closing, I would like to tell you a little story. I indicated I am
not a scientist, my field is Chinese linguistics. I am more familiar
in Washington in dealing with the International Division of the De-
partment of Education than I am with the science areas.

Federal funding in both foreign language and international stud-
ies on the one hand and science on the other got started as a result
of the Sputnik scare, and were part of the original same legislation.
By about 1980, those in charge of the International Division of the
Department of Education had realized the funding that had gone
into this was not producing people who spoke foreign languages in
the way they had imagined.

Starting in 1980, they tied future funding to a demonstrated abil-
ity to handle undergraduate instruction. This kind of care and con-
cern from the bureaucrats in ‘Washington, from those who are in
charge of our programs, is something which has had a tremendous-
ly positive effect across the country.

As a neophyte in science but as one who has had responsibility
for two of the Nation’s science colleges, I have not found the same
kind of targeted interest in undergraduate education making the
same kind of difference. That and the levels of funding for the spe-
cific projects I have named, to me are the things which are going to
make the difference between now and the end of the decade when

the crisis will hit if we don’t attend to it now.
Thank you very much.
[The prepared statement of Dr. Light follows:]
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Mr. Chairman:

I am immensely grateful for the opportunity to
speak to this Committee. On behalf of Middlebury
College and colleagues all over the country, I wish to
express gratitude to you for your interest and concern
for the teaching of undergraduate science in the United
States. I've waited a long time for the opportunity to
present. the undergraduate case to members of Congress in
this fashion, and I am more thankful than you may
imagine that this has today come about.

Like you who are members of the Tommittee, I am not
a scientist. I cannot speak technically. I cannot
answer technical questions. There are others here who
will be able to do beth of those things. I cannnt even
Adiscuss with any measure of certitide the various
categories of funding and program which are used by the
Mational! Science Foundation (NSF). Again, there are
many testifying before you today who will be able to
deal with thcse matters in accurate detail.

However, although not a scientist, for the past
five years, 1 have had a major vesponsibility in two of
the Unijited States' principal science colleges. From
that experience, I've learned that we have a crisis in
this country in the production of future scientists. We
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are not producing enough scientists to meet our future
needs now, and as we look down from the graduate schools
through colleges into the high @chool and elementary
school grades, we can predict already that there will be

a substantial dearth of new scientists when the decade
and the century change.

From my experience in these two sciehce colleges I
bave also learned that as a nation--I mean specifically
federally--we are doing little of significance to meet
that crisis. Most importantly from that experience in
two science colleges, I have learned that, while the
nation is inordinately dependent upon the small private
colleges for the production of excellent scientists,
without federal funding assistance, the small private
college simply cannot continue the unparalleled work
which has been one of their marks of greatness through-
out this century. For, even though the country has
depended upon the small private liberal arts college for
the source of a great many of those who go on and take
PhDs in science and become career scientists, and even
though these private institutions have devotedly and
cheerfully been the nation's most reliable source of
supply of future scientists throughout this century, the
costs of doing science at the undergraduate level have
risen so fast in the last few decades that these schools
simply cannot keep up at the level which they have
previously been able to manage.

I have referred to science colleges and mentioned
two in particular. For three years I was Provost at
Kalamazoo College in Kalamazoo Michigan and for a year
the Acting President of that institution. I am now
President of Middlebury College. Both of these
institutions are part of a group of fifty small,
private, independent institutions which are known as the
"science colleges”. These institutions are responsible
for a disproportionate number of graduates in science
and correspondingly a disproportionate number of
graduates who then go on to take PhDs in the sciences
and become professional scientists in their careers.

The question is frequently asked why is it that
these schools are particularly successful at the produc-

tion of scientists. I would suggest that.there are two
reasons:
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ge institutions are able to offer an
apprenticeship model of education. From the very
beginning, the future scientist is only given a true
student-mentor relationship with teachers. In contrast
to those institutions where classes are so large that
students' contact with their teachers occurs mainly in
large lecture halls and in laboratory classes where the
results are predetermined and canned, in these science
schools, youngsters are brought in to collaborative
research with their faculty. I understand from scientif-
ic colleagues that one of the important keys to this
process is that students learn early how to fail in
testing their hypotheses. It is the failure of what
appeared to be a good hypothesis that turns one into a
scientist, I am told. It is only the intense attention -
that youngsters are given in these small schools which

permits that process to occur. The faculty in the

science colleges are hired because of their devotion to

teaching. While the faculty do indeed do research, the

research which they undertake is directly related to

their teaching function, and they undertake research

projects which most often engage their students as well

as themselves. At the science colleges it is not the

norm for faculty to undertake research which takes them

away from their teaching obligation and becomes a

substitute for teaching.

First, the

The second principal reason why the science colleg-
es have been so successful has to do with the tradition-
al student populations that attend these schools.
Traditionally, the small liberal arts colleges have been
attended by youngsters from the middle and lower econom-
ic classes, youngsters from families with a very strong
work ethic, youngsters for whom the challenge of an
intriguing and difficult subject and untold hours of
hard work is looked at with great pleasure, youngsters
who can foresee a career which is challenging and
demanding and stimulating and which provides service to
society.

* * * * *
There are three facts which 1 would like to leave
you carrying with you, if I may.

1. Throughout this century the United States has
been more dependent upon the small private sector of
higher education for the production of future scientists
than is widely understood. That dependence continues

3
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today. It is a much greater dependence than anything in
national science policy, and particulary in anything in
national science funding, would lead one to believe.

2. Undergraduate science costs are escalating at a
rate much faster than the costs of the other academic
programs which small liberal arts colleges must mount
with equal excellence. To be sure, as is widely known,
the costs of providing all of our programs have risen
for our coileges in excess of inflation for the past
decade and more. Some of those excessive cost rises are
the result of federal programs and federal regulations.
Some of the cost increases are the result of demands by
society for new programs and facilities in colleges.

The dramatic rise in the cost of doing science is,
however, the result of the increased sophistication that
is characeristic of science and the availability of

excellent equipment for teaching and teaching-based
research.

3. The small private colleges in general cannot
keep up with the rising costs of equipping their labs,
renewing and rehabilitating labs, providing research
suppert for students and faculty, without dipping into
the funds needed for other programs of equal importance
for liberal arts.

In short, we have a nation that is dependent upon
this sector, the costs are rising too high too rapidly,
and this sector in general will not be able to make it
through the whole of the coming decade without some help

in maintaining the very high standards that have been
maintained in the production of scientists throughout
this century. Certainly, the wealthiest schools will be
able to continue, but many of the most productive
science schools are not wealthy, and at those schools
something is going to have to give.

* * L3 *

Turning now to what is needed, the principal
problem that the small private colleges face in attempt-
ing to obtain government attention is that the funds
which are needed, while very large and important for us,
are so small as to get lost in Washington. The small,
private liberal arts college is extraordinarily cost
efficient. It has had to become so because, from the
very beginning of most of the liberal arts colleges,

4




Q

ERIC

PAFullToxt Provided by ERIC

there has never been enough money. A shoestring and
bootstrap culture has developed in these institutions.
There is a habit of doing more with less and a constant
reliance upon figuring out ways to add to the tasks that
are to be undertaken without drawing more upon the
limited resources that are available.

I would suggest that there are five categories of
need. As I have indicated above, not being a scientist
and not being directly involved in NSF, I can speak only
to the needs as they appear on a college campus and as
they appear in realistic terms to the eye of the average
person. '

1. Facilities. The most expensive and crushing
problem is the cost of providing new facilities where
those are needed and of renewing and rehabilitating old
science buildings where that is called for. Knowledge-
able sources have estimated the deficit in-undergraduate
science facilities in the United States to be well over
a billion-dollar problem. The litany of deficits which
are faced by the science colleges with their outdated
and often only partially working facilities is legion.
It will probably suffice to point cut simply one among
the many frequent problems which are faced in the
science colleges when looking at science buildings in
current use. Even among buildings that were built as
recently as twenty or twenty-five years ago, there is a
tremendous problem of exhausting noxious fumes. The
problem is at least two-fold. On the one hand, the
technology for eliminating noxious fumes has developed
considerably over the past couple of decades so that
much better facilities are available for those schools
that can afford them than was the case twenty years ago
or so. On the other hand, we know a great deal more
about environmental damage to the human body, and many
of the fumes and chemicals which were considered to be
acceptable for human breathing some time ago are now
known to be dangerous. For that reason, our standards
have risen considerably, and our sense of risk in
science buildings which are not brand new has corre-
spondingly gone up. In short, we have far too many
science buildings being used daily by undergraduates
which either do not work for today's science or which
are plain dangerous.

2. Faculty Research Support. As I have indicated
above, research in an undergraduate college is
considered vitally important, but is student-oriented.

5
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We consider research important for faculty because it is
very important that they keep their intellectual activi-
ty always moving forward and keep up to date with their
discipline, and that they engage in the renewing effect
which only participation in the field can permit. As
I've indicated above, however, research in a teaching
institution is intended to be directly or indirectly
related to the teaching function, and faculty draw
undergraduate students into their research as early as
possible in the career of those students. The research
support that is being sought is not for research which
is designed to take faculty away from the classroom and
keep them isolated from their students. On the con-
trary, the research support sought is support for
faculty research projects which will. involve students

and which will inform the teaching of those faculty
members.

3. Student_ Support. For undergraduate students to
be able to participate with their mentors in research,
it is important that there be a source of funding which
will allow them to work in laboratories rather than
selling hamburgers or newspapers. Not that selling
hamburgers and newspapers is not salutary for one's
moral development. However, becoming a scientist is an
arduous and time consuming and long-term task. One of
the things that the undergraduate institution provides
is an environment where it is possible for the youngster
to become a scientist at a very early age because his or
her mentors are there together with their students at
all times and because the teachers engage in
collaborative research with undergraduate students.

National policy has put stipends very largely in the
hands of graduate students. Certainly graduate students
must have that kind of support or we will not have a
science cadre. But the same argument must apply to the
undergraduates at the science colleges as well.

4. Equipment. Renewable equipment turns out to be
one of the most expensive things in the academic budget
for the small college. It is uncertain that the
provision of eguipment needed for young faculty starting
off their research right after completing the PhD, for
student collaborative research, and simply for keeping
up with our laboratories is something that we can afford
from year to year. The NSF has a remarkable program
called ILI. The ILI program permits the awarding of
funding for equipment for undergraduate institutions on
a one-for-one matching basis. This is not an ungenerous

6
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program. However, the costs of higher education are
such and our inability to continue to raise our access
to resources proportionately that more than one school
has recentl¥ breathed a sigh of relief when not all of
its faculty's applications for the ILI program have been
funded. There are years when it simply isn't possible
to find the matching money for ILI awards.

5. Course and Curriculum Development. A great
deal of innovation is being brought into American
science from teaching in the small liberal arts colleg-
es. Heavy teaching loads, continuous research demands,
and lots and lots and lots of time spent out of class
with students in laboratories all mean that there isn't
sufficient time or resource for faculty to develop all
of the c¢reative teaching ideas which they have. For

this reason, curriculum support turns out to be pretty
vital.

* * * * *

To sum all this up, from one lay person to other
lay persons, we have a national crisis. We have a
sector of higher education which has traditionally been
a major source to scolve that crisis. That sector, the
small private liberal arts college, is facing cost
increases to the degree which will make the continuocus
support of undergradute science at the level of quality
and quantity which has historically been its mark
increasingly difficult to meet. The sums which will be
needed by the liberal arts colleges across the nation
are miniscule comparec to other things that the
government takes up, and even miniscule compared to
other things which the National Science Foundation takes
up. For this reason, it is often not evident how much
these colleges are in need of that level of support
right now for the science programs.

The categories of funding in which support is most
needed are those categories which relate directly to the
teaching mission of the liberal arts college and thus to
the production of future scientists. They are:
facilities, faculty research support, student research
support, equipment and course and curriculum design.
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It has indeed been a great privilege to be able to
speak before this Committee. It is an immense source of
citizenship pride that a group of Congressman would be
taking such a deep interest in a national problem of
thie magnitude and this importance. Thank you very
much.
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Mr. Worpe. Thank you very much, Dr. Light. I should take this
opportunity to express my personal appreciation to you for focusing
me on this issue before I came into the chairmanship of this sub-
committee. At that point I was off on my other life of African af-
fairs. It was really your advocacy of a couple of years ago that
moved us to focus some attention on this problem and I am grate-
ful for that assistance.

Dr. Licar. Thank you. I'm grateful, too.

Mr. Worrk. I would like now to turn to Dr. Doyle.

TESTIMONY OF DR. MICHAEL P. DOYLE, D.R. SEMMES DISTIN-
GUISHED PROFESSOR OF CHEMISTRY, TRINITY UNIVERSITY,
SAN ANTONIO, TX

Dr. DoyLe. Mr. Chairman, I am here today to speak to you from
the trenches as an educator about the pending shortages of scien-
tists who are educated in the United States, and specifically about
programs already underway at the National Science Foundation
that were designed to relieve these shortages.

The number of students who are choosing science for their ca-
reers is declining at a rate that is much steeper than that predicted
by demographic data. Already shortages exist at the bachelor’s
level, in the scientific work force, and the declining pool of bache-
lor’s level scientists signals similar future shortages of advanced
degree scientists.

Historically and continuing today, the greater percentage of stu-
dents whose education is obtained primarily at undergraduate in-
stitutions choose science careers. This success stems not from insti-
tutional size or facilities; instead, the scientific interests of these
students are nurtured best at undergraduate institutions in what
has become a new American revolution in education.

Young and inexperienced students are guided to their future in
science through participation in undergraduate research. This ex-
perience, obtained without the usual academic formalities, fuels
the fire of discovery in a great majority of the fortunate few who
are provided with this opportunity.

The National Science Foundation has recognized the importance
of undergraduate research as an effective way to develop science
careers since its introduction in the early 1960s of its Undergradu-
ate Research Participation program. After a brief period in the
early 1980s when such programs were terminated, the National
Science Foundation expanded upon its original mandate to main-
tain the infrastructure of science, and initiated its Reszarch in Un-
dergraduate Institutions program as well as its Research Experi-
ences for Undergraduates program in 1984 and 1985, respectively.

Both of these programs provide the means to involve undergrad-
uate students in research, and thereby stimulate their interest for
careers in science. They have in fact created research active envi-
ronments for undergraduate students to prepare them—and here I
quote from an address given by the Honorable George Brown, Jr.,
to Project Kaleidoscope: “To be able to respond creatively to unpre-
dictable change.” No other experience in undergraduate education
provides students with such a beginning, such a preparation.
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During the past year, however, signs of strain in the implementa-
tion of these programs have appeared. Budget allocations for both
RUI and REU programs have declined, and the number of propos-
als submitted to them is not increasing. The RUI program is invisi-
ble to a significant constituency of undergraduate institutions and
standards for proposal review vary.

The REU program is diffused in its implementation, focused on
drawing students away from their home campuses, where one is
most effective in engendering their careers in science, and some-
times unjustifiably narrow in its focus.

These programs are in need of review and changes that would
make them more suitable for the growing need to engender desir-
ability for science careers among these undergraduate students. In
these reviews, one would hope that the valued programs cculd be
strengthened, and greater benefits realized.

Significant attention is placed at the precollege and post-bacca-
laureate levels to address cthe serious developing shortages in the
work force of our science and technology. However, too little atten-
tion is given at the college level, where in fact the vast majority of
career decisions are finalized.

There is a need to coordinate research programs at all Federal
agencies that are designed to enhance undergraduate career devel-
opment in the sciences, and I recommend this consideration be
given to providing the National Science Foundation, which has had
experience in this endeavor, with this authority.

I noted last evening, in receiving the report of the FCCSET com-
mittee on education and human resources, that the topics of re-
search in undergraduate institutions and for undergraduates is
lacking in focus for the undergraduate experience.

I have been associated with undergraduate institutions during
my entire professional life. My efforts have been directed to ensur-
ing that students in my charge reach their full potential. The op-
portunity to be engaged in research, even during their freshman
year, has been my gift to them, and they have responded with ex-
citement and enthusiasm that is contagious.

I, and a significant number of the most effective educators in this
country, would lose their effectiveness without the opportunity to
perform research with undergraduate students. For us, research is
the ultimate educational experience, and has never been a substi-
tute for teaching. Thank you for this opportunity to be with you
this morning.

[The prepared statement of Dr. Doyle follows:]
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INTRODUCTION

Thank you for the opportunity to appear today before the House Subcommittee on Investi-
gations and Oversight to present testimony on undergraduate science education. The importance of
this hearing on "Traditional and Nontraditional Sources of Future Research Scientists" cannot be
overestimated. An unprecedented decline in the selection by undergraduate students to major in the
sciences began more than a decade ago and shows no sign of abating. In the discipline of chemistry,
in which I was educated and practice with enthusiasm, there has been a 27% decrease in the number
of chemistry graduates since 1981, and the vast majority of this decline has occurred during the past
S years (Exhibit 1). Similar changes have occurred or are occurring in the biological sciences,
geological sciences, physics and astronomy, and the mathematical and computer sciences. In the
chemical sciences, which accounts for half of the total workforce involved in research and
development in the United States, the loss of as much as 27% of the total number of potential future
employce signals a severe stain on the infrastructure of its dependent technologies.

Undergraduate students are often treated as a wholesale commaodity - not as important as the
raw material from which they are drawn and not as visible as the retail product. They are
intermediates, considered t00 old to be influenced to enter science and tco inexperienced to be
productive in science, and they are left with little support or consideration in national science policy.
Yet this is the educational level at which the highest percentage of students with initial interest in the
natural sciences and engincering is being lost to these carcers. If only one third of the 160,000
students who leave science and engineering in colleges and universities could be retained, the pool
of availahle scientific talent would increase by 20%, and shortages in the scientific workforce,
currently and in the future, would be minimized.

My comments today arc drawn from a 23-year teaching career in libera} arts colleges, a
dedication to education through investigative research, and an extensive array of experiences in the
setvice of fostering education and research. I received my undergraduate degree from the College of
St. Thomas in Minnesota and, after obtaining my Ph.D. degree from lowa State University, 1
returned to the liberal arts setting - first at Hope College in Michigan and now at Trinity University in

Texas. Since the first weeks of my employment as a faculty member, § have continued to work

directly with undergraduate students in investigative research. More than 200 students have passed

through my supervisory hands in this endeavor, and more than half of them have become
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professionals in science - as faculty in universities and as research scientists and managers in
industry or govemment - most after receiving advanced degrees. I speak with you today from these
experiences and with the conccrhs of the future generation of scientists.

I also come to you with experience as a former member of the Advisory Committee for the
National Science Foundation's Division of Chcmistry, where I participated in the design of two
programs - Research in Undergraduate Institutions (RUI) and Research Experiences for
Undergraduates (REU) - that have successfully impacted the career development of undergraduate
students in science. As a founding member and past-president of the Council on Undergraduate
Research, a socicty for the advancement of scientific research at primarily undergraduate colleges and
universitics (Exhibit 2), I bring you results from a recent survey on undergraduate faculty need for
and satisfaction with the NSF-RUI program. I will also speak to you as a member of the Advisory
Committee for "Project Kaleidoscope" which has recently completed an extensive study on the
investigative environment of liberal arts colleges and has reported a comprehensive plan for
strengthening undergraduate science and mathematics.

Today in this Oversight Hearing on "Traditional and Nontraditional Sources of Future
Research Scientists” I will direct my comments to

(1) The importzace of existing Federal programs, especially those at the National Science

Foundation, for undergraduate student career development in the sciences; and

(2) The necessity of oversight and coordination.

These comments will include recommendations for changes in Federal programs, especially those at
the NSF, that would benefit undergraduate science education. They are colored by my strong belief,
reflected in several Federal programs, that undergraduate research, an American invention, is the
most exciting educational development of the second half of the 20th century. Its origin and integra-
tion into undergraduate science education are outlined in Appendix A, to which I would draw your
attention as suitable background for the comments that I am making. The focus of my comments,
therefore, is on programs that support the people that make science exciting and enjoyable. More
than bricks and mortar, more than classroom teaching, the personal interaction between students and
their mentors is what has made science an attractive venture for this nation's young and a productive
enterprise for the United States.
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THE IMPORTANCE OF EXISTING FEDERAL PROGRAMS FOR UNDERGRAD-
UATE STUDENT CAREER DEVELOPMENT IN THE SCIENCES

Undergraduate research experience is the single nost important factor in the decision of most
students, especially those whose bacc.alaureatc origins are from predominantly undergraduaic
institutions, to enter graduate school in the sciences, and the quality of their experience contributes to
their overal] success. For 224 private and public undergraduate institutions whose total combined
enrollment is 1.03 M students and in which research in the chemical sciences is an expectation of both
faculty and students, their contribution to the scientific pool demonstrates the importance of
undergraduate research (7). For the period 1985- 1988 these institutions graduated 11,302 chemistry
majors, 31% of the total from U.S. colleges and universities, and 3178 of them entered gradate
school in chemistry or biochemistry, more than 35% of entering graduate students who are U.S.
citizens. Similar data exists for the biological sciences (2) and physics and astronomy (3) at
predominantly undergraduate institutions. In addition, these same institutions do not show the same
decresse in student career development in the chemical sciences that exists nationally (Exhibit 3).
Complimentary data has been provided by "Project Kaleidoscope™ (¢) with the same conclusion.

The principal cause for this maintcnance of student interest in the sciences at predominantly
undergraduate institutions has been the increase in undergraduate research participation (Exhibit 3),
and the major contributor to the growth in the availability of these opportunitics has been Federal
programs introduced since 1983, especially:

« Research in Undergraduate Institutions (RUT) Program (1984) - National Science Foundation
+ Research Experiences for Undergraduates (REU) Program (1985) - National Science
Foundation
+ Academic Research Enhancement Award (AREA) Program (1985) - National Institutes of
Health
Of these three, the RUI program has had the strongest and most sustained impact on undergraduate
student career development in the sciences at predominantly undergraduate institutions. This
program, funded through the NSF Research Direcjorates, supports scientific research by individual
investigators in acadetnic departments that do not have the Ph.D. program. Proposals are judged by
their scientific merit with the understanding that, because of the time demands on faculty where
teaching undergraduate students is their primary function, productivity may be lower than that found
from facuity in graduate departments at research institutions. Grants awarded support research that
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involves undergraduate students.

When first proposed by the Council on Undergraduate Research to the National Science
Board (1983) 10 be reviewed and funded through the NSF Research Directorates as a merit-based
program, the budget estimated for significant impact by what became the RUI program was $3 M.
Enacted by the National Science Foundation for implementation in 1984 as a “targeted” program
without a separate budget, grant awards in this fiscal year totaled $6.65 M - over twice that of the
initial target. During FY 1984 a total of 141 grants weore made under the RUI program, a~d 75 of
these were made to faculty from predominantly undergraduate institutions who had never before been
principal investigators for any NSF grant (5). Since that first year, the NSF target for this program
has grown to $16 M in FY 1988, $20 M in FY 1990, but decreased to an anticipated $14.5 M in FY
1991 and is proposed to be only $18.725 M in the FY 1992 budget. Although a portion of the
anticipated decrease in allocation for the RUI program in FY 1991 is due to a decline in propc -1l
pressure from predominantly undergraduate institutions, there is reason to believe this opportunity

has become invisible to many faculty, especially those just beginning their academic career, and that

an oversight review of th., program is warranted.

A survey of 1200 members of the Council on Undergraduate Research, from which 692
responses (58%) were retumed, disclosed that the NSF-RUI program is responding responsibly to
the pressure it is receiving (Exhibit 4). Of importance in assessing the impact of this program,
although only 35% submitted a proposal to the NSF-RUI program, nearly haif of all respondents
stated that the NSF-RUI program “"encouraged rescarch-active faculty to expand their research in
scope or productivity”, “promoted the involvement of students in research”, and "encouraged
students to pursue research careers”. Still, this survey suggests that evolution of the RUI program to
better meet the needs of faculty and students at predominantly undergraduate institutions is warran:ed.

I propose consideration that the Research in Undergraduate Institutions (RUI)
Program undergo comprechensive internal and external review to determine its
effectiveness in establishing research-active environments at predominantly
undergraduate institutions that enhance student career development in the sciences.
An internal analysis of "Research Proposal and Award Activities by Predominantly Undergraduate
Institutions” for FY 1988 was reported in March, 1990 (6) and represents a valuable beginning. The
last and only extemal review of this program occurred in December, 1984 (5), and there are several
areas of concern regarding current implementation and impact of the RUI prograrm that are in need of
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study. The outcome of the recommended review can be expected to provide an informed projection
for future budget allocations and the strengthening of the RUI program to better meet the needs of
undergraduate faculty in establishing research-active environments. This recommendation is consis-
tent with that made by "Project Kaleidoscope™ for the RUI program (4).

Instrumentation for the conduct of scientific research is essential to research-active environ-
ments in predominantly undergraduate institutions, just as it is in research universities. The cost of
this instrumentation places a considerable stain on the resources of these institutions, especially small
liberal arts colleges, and, increasingly, proposals requesting funding for instrumentation are being
subjected to internal restrictions that limit their flow o the NSF for funding consideration. The issue
is matching costs expected from the undergraduate institution, and these restrictions are impacting
faculty retention and the further development of research-active environments. I propose
consideration that funding for the Research in Undergraduate Institutions (RUT)
Program be supplemented to allow cost skaring for magjor instrument acquisition at
33% rather than at 50%, where applicable in NSF Research Divisions.

Unlike the RUI program, which is modcled after the "regular" individual investigator program
at the National Science Foundation, the Research Experierces for Undergraduates (REU) program is
derivative of the earlier URP program that was ierminated in 1981, but with some significant
differences. A majority of the students who take part in this summer research program come to the
site from another institution, and most of them are drawn from academic institutions where there is
litle or no research activity. The REU program has as a principal objective to attract those students,
women and minorities, who are underrepresented in the sciences to undertake carcers in the sciences.
No other NSF program is so directly linked in tntent to undergraduate career development in the
sciences, and no other one is so diffuse in its implemensation.

Each research division at the NSF has its own plan for implementation of the REU program,

some favoring sites that maintain 8 or more students and others that fund individual investigators to
support 1 or 2 students, some as a 3-year continuing program and others only for onc year. In all
cases the quality of the research for undergraduates is a factor in review, and this is appropriate, but
in many instances ancillary conditions, such as a focus on specific subdisciplines, are enforced, and
they limit the participation of predominantly undergraduate institutions in this program. The REU
program is perceived by many undergraduate institutions to be designed to support graduate student

recruitrnent by research universities, rightly or wrongly, and the overall impact on and importance to
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undergraduate colleges and universities has been limited.

The NSF budget allocation for the REU program, operated out of the NSF Rescrch Director-
ates, increased substantially since its introduction in 1985 - t2 $20.3 M in FY 1990. In FY 1991 its
budget is projected to be $14.8 M, 1 decrease of more than 25% from FY 1990, but the FY 1992
NSF budget request places this program at $19.5 M. There is evidence that proposal pressure to this
program has been declining in some of the research divisions and that some initial expectations for
this program are not being met. The time has come for a reassessment of this program and for its
redesign to meet the primary objective of enhancing student carcer development in the sciences.

I propose consideration that the Research Experiences for Undergraduate
Students (REU) Program be evaluated to address the great divergence in its
implementation at the National Science Foundation, to review the restrictions in this
program that inhibit students on their home campus from receiving REU support,
and to determine the appropriate budget level that would allow this program to be
expanded so that more students have the opportunity to become engaged in research
at their home institutions. As stated in the report from "Project Kaleidoscope”, undergraduate
institutions are inhibited from applying to this program (4), although they are often more suitable
sites for enhancing undergraduate student career development in the sciences than are their graduate
institution counterparts. Just as graduate departments often use this program to recruit students to
attend their graduate programs, qualified undergraduate departments should be given the resources to
use this program to recruit students into science and to retain them in science. Under current REU
practice, swudents from major universities also lack opportunities to become engaged in undergraduate
research, so this request ‘hould not be interpreted as parochial.

An initiative modeled after the REU program but applicable to high school teachers of science

is worthy of consideration. Such an initiative would serve to maintain them as science professionals,

link them to colleges and universities, and provide them with an intimate knowledge of the excitement
and challenges of modern science. Highly successful programs are currently operative through
several private organizations and foundations, but they reach only a small number of qualified
teachers. The National Science Foundat.on, through its EHR Directorate, should be encouraged to
consider such an initiative.

The NIH-AREA program, like the NSF-RUI program funds the research activities of
principal investigators. Unlike the RUI program, however, the NTH-AREA program was not created
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with concern for student development in science or for the support of undergraduate students. Less
than 50% of the $10 M outlay for this program supports research in science departments that do not
have a Ph.D. program. Still, the AREA program does impact many, mainly biology and chemistry,
departments at predominantly undergraduate institutions, and funding from AREA grants docs
support a significant amount of undergraduate research.

Other Federal programs, including the Instructional Laboratory Improvement (ILT) program at
the NSF, support undergraduate research indirectly or directly. However, their breadth and direct
impact are not comparable to those operated through the NSF Research Directorates.

THE NECESSITY OF GVERSIGHT AND COORDINATION

Undergraduate student research is supported by the NSF (RUI, REU), NIH, DOE, and other
Federal agencies. In each program and at each agency there is a different approach, and different
outcomes are expecied. For example, in attracting underrepresented minority students into the
sciences, both the NSF-REU and NIH-MBRS/MARC (Minority Biomedical Research Support/
Minority Access to Research Careers) programs are major contributors, but these programs are often
competitors for the same students. Since the NIH programs offer minority students research oppor-
tunities at their home institutions and often provide salaries/stipends greater than those offered
through the NSF-REU program, a student receiving offers from both programs most often selects the
NIH site. The NIH programs attract capable students into the biomedical sciences, and most of them
g0 on to medical school and other health-related careers. The NSF-REU program is designed to
promote graduate school opportunities leading to M.S. and Ph.D. degrees and is less competitive for
the same students because of a variety of socio-economic reasons.

In the DOE, research opportunities for undergraduate students and their faculty have existed
for along time at the National Laboratories. The model here is collaboration with research scientists
on projects that have a high national priority. However, since there is no formal carry-over, other
than experience, from the National Laboratories back to the home institution the impact of these

opportunities on undergraduate research in predominantly undergraduate colleges and universities is

indirect. If these opportunities are to have a more direct impact on the carcer development on students
in science, then a formal mechanism for funding collaborative projects at undergraduate institutions
should be developed.
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Even at the NSF two programs that have the same objective can operate in competition. An
example of this is the acquisition of instrumentation for teaching and rescarch. At predominantly
undergraduate institutions where research is a teaching function, it is virtually impossible to separate
the two, Yet in many of the research divisions of the National Science Foundation, programs to fund
shared research instrumentation are integrally associated with the research support operations,
whereas the Undergraduate Science, Engineering, and Mathematics Education (USEME) Division of
the EHR Directorate operates the Insiructional Laboratory Improvement (ILI) program whose primary
focus is instruction rather than rescarch. Both programs fund the same kind and quality of major
instrumentation for predominantly undergraduate institutions, but because instrumentation programs

in the research divisions are for shared equipment, often departmental, and the ILI program has no

such limitation, undergraduate faculty favor the IL! program cven though its proposal success rate is
lower. The result is an increase in proposal pressure for [LI with complaints of inadequate funding
and a decrease in proposal pressure for RUI instrumentation programs with complimentary
complaints of inadequate interest.

if undergraduate carcer devclopment in the sciences is to be a focus of Federal programs,
attention must be given to a diversity of approaches, to competition between different programs, and
to program requirements that facilitate undergraduate career development. No other Federal agency
has the background, interests, or capabilitics of the NSF to coordinate these programs, and I
recommend that the National Science Foundation be given the responsibility to
coordinate Federal programs designed to enhance undergraduate career development

in the sciences.
CONCLUSION

The invitation to appear before before this Subcommittee asked for my views on the
integration of research into undergraduate science education, on the contribution of Federal programs,
especially those at the NSF, to undergraduate science education efforts at liberal arts colleges and
universities, and for recommendations for changes in Federal programs, especially those at the NSF,
that would benefit undergraduate science education.

It would be easy for me to tell you that the budget for existing programs should be doubled
and that a varicty of new programs should be initiated so that every small college and all science

faculty could receive Federal support for their valued educational programs. Ihave chosen instead to
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focus on the primary catalyst for student career development in the sciences - undergraduate research -
and to inform you that suitable programs exist at the National Science Foundation for this under-
taking. They are based on excellence and potential productivity, and they have created research-active
- environments in predominantly undagaduaw institutions. However, they are also in need of course

adjustrents in order to avoid being lost to the comumunities that they were designed to serve. Existing
programs such as RUI and REU are in danger of losing their competitive attraction to significant
components of the academic community. As proposal pressure declines, program budgets are
reduced, and 2 downward spiral in program effectiveness results. Recommendations made in this
Testimony would serve to prevent this loss.

The need for oversight and coordination in programs designed to impact student career
development in the sciences is becoming increasingly evident as new Federal programs are introduced
that impact undergraduate education and research. The National Science Foundation is uniquely

composed to play a leading role in such activities.
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EXHIBIT 1

Chemistry Graduates from American Chemical Society Approved
Bachelors Degree Programs at U.S. Colleges and Universities*

Number of Number of Graduates
Graduates Number of Institutions

7,650 12.8
8,125 13.7
8,372 14.3
8,848 15.2
9,295 16.0
9,679 16,7
9,819 17.0
10,043 . 17.6
9,866 17.6
10,453 18.7
10,170 18.4
10,451 19.0
10,350 18.9
10,207 18.8

*Data from the American Chemical Society Committee on Professional Training, 1155 Sixteenth
Street, N.W., Washington, D.C. 20036.
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EXHIBIT 2

COUNCIL ON UNDERGRADUATE RESEARCH
A SOCIETY FOR THE ADVANCEMENT OF SCIENTIFIC RESEARCH AT
PRIMARILY UNDERGRADUATE COLLEGES AND UNIVERSITIES

Goals

The purposes of this Society are to provide studenis at predominantly undergraduate colleges
and universities with increased opportunities to learn science by doing it and to provide their science
faculty with increased opportunities to continue 10 develop their own understanding of science by
remaining active in research. CUR believes that a discovery-oriented approach to learning should
permeate science education throughout the undergraduate science curriculum. Increased opportu-
nides for students to do research as undergraduates effectively draw more students to careers in
science teaching and research, and continuing involvement in research assists faculty to become more
exciting and stimulating classroom teachers.

The diversity and comprehensiveness of the American system of higher education are
unparalleled by any society in any era. At one end of the spectrum are the great research universities,
where faculty research is so important that it sometimes overshadows undergraduate teaching, but
where faculty expertise, facilities, and equipment are readily available to support research by
interested undergraduates. At the other end of the spectrum are institutions where limited resources
preclude rescarch by students or faculty. The majority of American institutions of higher education
lic between these two extremes. With encouragement, with sharing of successful models, with
modest local resources, and with help obtaining external support, faculty at these middle range
institutions can develop programs that introduce students to the excitement and chalienge of science
by doing research as undergraduates.

Accomplishments

. CUR publishes directories which document the very significant role of undergraduate
departments and their faculty in the mainstream of science. As a result, funding agencies use the
directories in the evaluation of proposals and selection of reviewers. Graduate schools use the the
directories in their recruitment efforts, companies use them in the search for talented graduates, and
they are even used by some high school students in selecting colleges. Currently, there are
directories in biology (Second Edition, 1989, 618 pages, 89 institutions), chemistry (Fourth Edition,
1990, 747 pages, 226 institutions), geology (First Edition, 1989, 682 pages, 133 institutions), and
physics/ astronomy (Second Edition, 1989, 537 pages, 124 institutions). The first directory for
mathematical sciences, which established a Council in 1989, is in preparation. Initial support for the
chemistry directory was provided through a grant from the Petroleum Researcih Fund of the
American Chemical Society, and a grant from the Keck Foundation supported the geology directory.

. CUR publishes a Newsletterin four 100-page issues annually to provide members of CUR
and non-member subscribers with successful models for research programs and for their support
" through acquisition of outside funding. The experiences of CUR members and others in designing
and implementing programs in response to special foundation initiatives are disseminated. The
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Newsletter pays special atiention to sources of funding, including the names and telephone numbers
of persons to contact for information. Now in its eleventh year, the Newsletter is distributed to more
than 1359 individuals.

. Biansually, CUR sponsors a national conference to examine critical issues affecting science
education at primarily undergraduate institutions. The third such conference brought nearly 300
science faculty, college administrators and representatives of federal agencies and private foundations
to Trinity University in San Antonio in June, 1990, to examine "The Role of Undergraduate
Research in Science Education: Building and Funding a Successful Program”. Networking among
college scientists involved in other cooperative efforts 10 enhance undergraduate science education is
a very important aspect of these conferences and meetings. For example, the National Conferences
on Undergraduate Research (NCUR), organized separately from CUR, were conceived and first
implemented by a CUR councilor, and several CUR councilors currently serve on the NCUR Board.

. In 1989 with support from the Rescarch Corporation, CUR instituted a consulting service to
advise chemistry departments about ways to improve their programs and increase their success rate
in obtaining external grants. The program includes a visit to the department by two CUR
consultants, who mest with faculty, students, and administrators and who later submit writien
recommendations. Followup visits are encouraged. Similar programs in other CUR Disciplinary
Councils are being initiated.

. Beginning in the summer of 1990, CUR has offered to sclected students Academic-Industrial
Undergraduate Research Partmership (AIURP) fellowships in cooperation with leading American
scientific companies. These fellowships provide $2500 to students to allow them to engage in
rescarch with faculty mentors at their home institutions normally during the sunmer after their junior
year and, with most industries, provide these same students with the opportunity to work in the
industrial sponsor's rescarch laboratories during the sumimer preceding their entrance into graduate
school.
AY

. In 1983, CUR submitted a proposal to the National Science Board that was implemented as
the NSF Research in Undergraduate Institutions (RUI) initiative (1984). After its first year the RUI
program was reviewed by an ad hoc group that included among its four faculty members two
chemists who were CUR councilors and a physicist who was to become a CUR councilor. The RUI
program has become the model for "distributed funding” of science education through the NSF
research directorates.

. Other CUR efforts to stimulate government interest in funding science at undergraduate
institutions have included involvement with the development of the NSF Instrumentation and

tory Improvement (ILI) program, the NSF Research Experiences for Undergraduates (REU)
program, and the NIH AREA program. CUR councilors helped to plan and chair sessions at the
AREA workshop held in Bethesda, MD in March, 1990.

. The visibility of CUR 10 agcnc:cs and foundations has led to increased representation by
undergraduate institution science faculty on important policy-making and funding committees. These
have included advisory committees and review panels for the National Science Foundation, panel
members for the National Institutes of Health, membership on the National Research Council's
Board on Chemical Sciences and Technology, membership on advisory panels for private
foundations, and service on boards of foundations and other scientific societies. The growth in these
activities over the 12-year history of CUR have been enormous.
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Organization

Initially formed in 1978 by chemistry faculty at privaze liberal arts colleges, CUR expanded
to include public nd private colieges and universities in 1983 and to include additional disciplinary
councils in physics/astronomy and biology in 1985, geology in 1987, and the mathematical sciences
in 1989. Priot to June 1989 the Council on Undergraduate Research consisted solely of councilors
clected from among their colleagues by the curreat councilors. Committces were staffed by
volunteers from among the councilors for the preparation and publication of the CUR directories and
its Newsletter, for the arrangements and planning for National CUR Conferences, and for other
assignments approved by the Executive Committee or the full Council

In order to provide opportunities for increased numbers of faculty and administrators across
the country to become directly involved in CUR and in order to provide a larger and more open
forum for discussions of issues, CUR began in September 1989 to enroll members, who in turn
elect councilors from within the membership. During the first year more than 1200 applications for
membership were received, including blocks of applications from single institutions numbering as
high as 85. A National Office with Dr. John G. Stevens as Executive Officer was opened in May
1991 with support received through grants received from the PEW Charitable Trusis and the
Research Corporation and with contributions from undergraduate colleges and universities.
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EXHIBIT 3

Chemistry Graduates from Undergraduate Institutions Having Significant
Undergraduste Research Participation

224 Institutions National Students
Year Chemisiry Graduates? Total? in Research®

1985 3,070 9,679 32 1029
1986 2,742 9,295 29 1187
1987 2,768 8,848 31 1359
1988 2,722 8,372 33 1394

4 Data from "Research in Chemistry at Undergraduate Institutions”, Fourth Edition; Council on
Undergraduate Research, B. Andreen and G.G. Wubbels, Eds., Feb. 1990.

b Data from American Chemical Society Committee on Professional Training, Exhibit 1.

¢ Employed full time in undergraduate research during the summer.
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EXHIBIT 4

Reprinted with permission from the Council on Undergraduase Research Newsletter, Vol. X1, No.
4, May, 1991.

PRELIMINARY RESULTS OF THE
CUR UNDERGRADUATE RESEARCH SURVEY

Royce Engstrom

Executive Secretary for CUR and
Chair, Committee on Science Policy
Department of Chemistry
University of South Dakota
Vermillion, South Dakota §7069

In February the CUR Committee on Science Policy sent out a survey to all CUR members
requesting information on their experience with the NSF-RUI (Research at Undergraduate
Institutions) program. The survey was initiated to learn more about how well the RUI program is
addressing the needs of investigators at predominantly undergraduate institutions. The results of the
survey will be sharcd with the NSF along with recommendations from CUR based on results of the
survey. In the present report, the information is presented without regard to subdiscipline; a follow-
up report will look at correlations of responses according to subdiscipline. Approximately 1200
surveys were sent out and 692 were returned. for a return rate of 58%.

The first section of the survey concerned background data. The percentage of respondents by
discipline was: Biology—25%; Chemistry-46%; Physics/Astronomy—16%; Geology—7%; Mathc-
matics/Computer Science-4%; Administration—1%; and a few specifying disciplines other than those
listed. Public institution respondents accounted for 26%, and private schools accounted for 62% (not
all respondents answered every question, so the totals don't necessarily add to 100%). The
respondents were from undergraduate only (69%) and Master's level (15%) institutions. Years as a
full-time faculty member showed a binodal distribution, with peaks in the 0-5 years category and in
the 20+ years category. One-fifth of the respondents were women and only 3% indicated belonging
to an ethnic minority.

The percentage of respondents who have submitted a proposal to the NSF-RUI piogram was
35%. An additonal 10% reported applying to regular NSF rescarch programs. Of those individuals
who have submitted 10 RUI, 64% indicated they had been successful (not necessarily on their first
try). A total of 446 proposals were submitted to NSF-RUI (an average of 1.9 per submitter) and 221
of those (50%) were indicated as having been funded. The success ratio is significantly higher than
that generally reported by the NSF (~30%) suggesting that the respondents to this survey (i.c., CUR
members) enjoy a higher than typical success rate. Whether expressed in terms of people or
proposals, the success rate is very favorable and should serve as a source of encouragement for those
considering application.

An interesting correlation exists between the proposal pressure indicated above and the
perceived financial needs of the investigators. The survey asked the respondents to indicate the level
of annual funding required for their research program. The most frequently indicated range was
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$5,000-15,000, checked by one-third of the respondents. The percentage of respondents indicating
needs greater than $15,000 was 34%, notably similar to the percentage who have applied to NSF-
RUI. Only 7% indicated the need for greater than $50,000 annually. It would appear that those who
perceive the need for major funding are indeed applying for it, while those needing smaller amounts
are receiving their support from other sources, including foundations and intemnal grants programs.
There is perhaps a bit of the “chicken and egg® syndrome here. Is the required level of funding
detcrmined by the funding agency or does the required amount drive the choice of funding agency?

The number of students involved in the respondents’ research program also showed a bimodal
distribution, with 2 or 3 students being indicated by 39% and greater than five students indicated by
22%. The output in terms of publications per year was 0~19%; 1-46%; 2-20%; >2-10%. Only
16% of the respondents have reviewed for the NSF-RUI program.

The second section of the survey assessed the perceived impact of the NSF-RUI program.
The survey presented several choices for the impact that NSF-RUT had at the respondent's institution.
The respondents could check as many as applied. The results were: 33% said NSF-RUT had made
no impact at their instirutions; 47% said the program had encouraged research active faculty to expand
their research in scope or productivity; 37% indicated RUI had encouraged new faculty researchers;
49% indicated it promoted student involvement; and 41% thought it encouraged students to pursuc
rescarch careers (a highly encruraging result from the perspective of the pipcline issue).
Approximately one-third though’. NSF-RUT had increased the success rate and made more funding
available at their schools.

An important goal of the RUI program might be to promote acceptance of rescarch in
undergraduate institutions by the larger research community. Of the respondents 48% thought that it
had. An overwhelming 90% thought that RUI should be continued, a percentage far greater than that
of people who have directly benefitted from the program.

The third section of he survey was completed by people who had never applied to NSF-RUL
Of those completing this scction (449 respondents) the most frequently indicated reason for not
applying (42%) was that their research was adequately funded by other sources, which is consistent
with earlier information regarding required levels of funding. The second most popular response
(35%) was that teaching and other duties have not allowed research at that level. The third most
popular reason, selected by an alarming 25%, was that they had not besn aware of the RUI program!
Nearly a quarter (23%) stated they hadn't applied because they thought they wouldn't be funded.
However, only 16% thought the success rate was t00 low to make it worthwhile.

Of those who have never applied, 30% plan to apply in the next two years, an encouraging
sign. Help in the pre-submission stage, notably in the form of secing examples of successful
proposals, a pre-submission review by a CUR member, and consultation with a program officer, was
perceived as being valuable in writing a more competitive proposal. Clearly, a role exists for CUR in
helping potential applicants. For those who do not intend to submit to RUI the most frequently
indicated reason was lack of institutional support.

The finai section was completed by people who have submitted to the RUI program (35% of
the respondents). There was some question that in the early years of RUI, applicants may not have
known that they were submitting to a special program. Such was not the case; 91% of the people
applied specifically to the RUI program, and no one was confused as to whether or not they were
making an RUT submission.
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Respondents were asked a series of quesiions for both unsuccessful and successful
submissions. (Note that many individuals would have answers in both categories.) Successful
proposals were preceded by consultation with program officers at the NSF only slightly more often
than unsuccessful proposals, 73% of the time for the fonmer and 67% for the latter. Pre-submission
reviews by a colleague were obtained with essentially identical frequency for unsuccessful and
successful submissions, 38% and 39%, respectively. Neither group received a great deal of help on
their campus in preparing the proposal; 21% of unsuccessful and 22% of successful applicants said
they had. When asked if NSF reviewers adequately understood the proposed research, not
surprisingly, all of the successful respondents said yes, while only 58% of the unsuccessful ones said
yes. When asked if reviewers adequately understood the nature of undergraduate research, 54% of
the unsuccessful respondents thought not, compared to 68% of the successful ones. Another
divergence in opinion was indicated in asking if NSF reviewers adequately understood the importance
of infrastructure impact in RUI proposals. Only 18% of unsuccessful respondents thought so,
whereas 77% of successful applicants thought so. In both groups, half of the respondents contacted
a program officer after the decision on their proposal was known. Approximately half of the
unsuccessful proposers resubmitied or are planning to.

The results of the survey indicate several significant points that have bzaring on future
activities of CUR and on the RUI program. In terms of simply numbers of people, the 35%
application rate would suggest that a substantial pool of potential proposal writers exists.
Presumably, being CUR members, they represent a pool of faculty interested in undergraduate
research and are probably more likely to apply than the general eligible population. However, the
pool of people who feel they need to apply to NSF-RUI does not appear to be substantially greater
than the pool that is currently applying. Indeed, the number of people indicating the need for the level
of funding provided by N3F is very similar to the number applying. It would appear that the NSF-
RUI program is responding responsibly to the pressure it is receiving. The success rate of the
program, both in reality and in perception, is at a healthy level.

Prior to asking for increased resources in the NSF-RUT program, CUR's present emphasis
should be on encouraging faculty and their administration to expand research programs to levels of -
activity that make use of greater amounts of support. Working to make local conditions more
conducive to research appears to be of high priority. As for the NSF, they should consider ways of
making the RUI program more visible to faculty, considering the number of respondents who didn't
know of the program. NSF might also consider making the connection between RUI and
infrastructure needs clearer to the reviewers of RUI proposals.

SECTION I:
1. What is your discipline?

174  Biology 7  Administration

315 Chemistry 3 Psychology

113 Physics/Astronomy 1 Engineering
45  Geology 1 Anthropology

29  Mathematics/Computer Sciences

. Type of ins*tution:

176  Public 429 Private
476  Undergraduate only 103 Master's level
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. Years as a full-time faculty member

207 05 103 1620
117 610 162 20+
99 11-15

. Gender 549 M 136 F

. Are you a member of a federally- recognized ethnic minority?
19 Yes 665 No

. Your research program requires an annual funding (direct costs
only) of:

63 $0-1,000 134 $15,000-30,000
157 1,000-5,000 51 30,000-50,000
220 5,000-15,000 47 >50,000

. Have you reviewed for the NSF-RUI program?
108  Yes

SECTION II:
1. At your institution, the NSF-RUI program has (check all that apply):

224 had little or no impact.

323 encouraged research-active faculty 1o expand their
research in scope or productivity.

253  encouraged new faculty researchers to participate.

338 promoted the involvement of students in research.

279  encouraged students to pursue research careers.

153  increased the success rate of NSF research proposals.

218 mades more NSF funds available.

Has the NSF-RUI program led w0 greater acceptance of research at undergraduate institutions into
the larger research community?

331 Yes 35 No
295 Don't_ know

Have you artended a presentation about NSF-RUI?

281 Yes 397 No
Is the NSF-RUI program announcement clear and useful?

473 Yes 30 No
154 Don't know

If not, do you have suggestions for improvements?
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5. Isitimportant that an NSF-RUI program be continued?

618 Yes 5 No
56 Don't know

SECTION INO:
1. The principal reasons why you have not applied are (check all that apply):

113 I was unaware that the program existed.

46 My research has been in an arca not appropriate for NSF
funding.

190 My research has been adequately funded from other (inter-
nal or external) sources.

53 Thave been involved in funded collaboration at another
institution.

12 Ihavenot been interested in doing basic research. .
My teaching and other dutics have not allowed research at
this level,

[ didn't think I would be funded.

71 The success rate of the program has been too low to make it
worthwhile.

74 I have received little or no institutional encouragement to
apply.

86 Other

Do you plan 1o apply to the RUI program in the next two years?

133 Yes 81 No
225 Maybe

If you intend to SublBit, what would help you write a more
competitive proposa

190 Availability of pre-submission review by a CUR member
113 Better instituional supp~ for research
259  Sesing examples of successful proposals in my area
203  Pre-submission consultation with NSF program officers
114 Attending a presentation about the NSF-RUT program

21  Other

4.  If you intend not to apply, what would change your mind?

25 Institutional expectation
90 Better institutional support, such as release time
29 Loss of research support
23 Availability of pre-submission review by a CUR member
56 Secing examples of successful proposals in my area
24 Attending a presentation about the NSF-RUT program
28 Changes in the RUI program
11 Nothing
6 Other
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SECTION IV:

1.  For your unsuccessful RUI proposals:

53 Yes 27 No Did you coasult any research program officers at
NSF before submitting? If so, were they helpful?

26 Yes 5 No Did you coosult anyone in the RUI program?

29  Yes 50 No Did you obtain a pre-subimission review from a
colleague knowledgeable in your rescarch area?

17 Yes 63 No Did you receive significant heip on your campus in
the preparation of the propesal?

47 Yes 24 No Did the NSF reviewers adequately understand the
research you were preparing?

16 Yes 4 No Did the NSF reviewers adequately understand the
nature of undergraduate research?

9 Yes 4 No Did the NSF reviewers adequately consider the

special instructions regarding infrastructure impact?

37  Yes 36 No Did you consult a program officer after receiving
notification of reviews?

40 Yes 37 No Did you resubmit or are you planning t0?

2. For your successful RUI proposals:

102 Yes 35 No Did you consult any research program officers at
NSF before submitting?
32 100 No Did you coasult anyone in the RUI program?
54 83 No Did you obtain a pre-submission review from a
colleague knowledgeable in your research area?
31 No Did you receive significant help on your campus in
the preparation of the proposal?
131 No Did the NSF reviewers adequately understand the
research you were preparing?
97 No Did the NSF reviewers adequately understand the
nature of undergraduate research?
75 . No Did the NSF reviewers adequately consider the
special instructions regarding infrastructure impact?
63 No Did you consult a program officer after receiving
natification of reviews?
35 No Were vou funded for substantially less than you
requested?

BERIC

PAFullToxt Provided by ERIC




Q

ERIC

PAFullToxt Provided by ERIC

Testimony, Page 21
Professor Michael P. Doyle, Trinity University
July 11, 1991

APPENDIX A

THE ORIGIN OF UNDERGRADUATE RESEARCH AND ITS INTEGRATION
INTO UNDERGRADUATE SCIENCE EDUCATION

Undergraduate rescarch is a relatively new educational veature and, in all respects, is an
Amcrican invention. Growing out of the fertile combination of an investigator in search of a problem
with a problem in search of an investigator, undergraduate research has become the most exciting
educational development of the second half of the 20th century. Its success is measured, in part, by
the stimulation of this experience for students to enter graduate or professional schools, but its
principal benefit is that it imparts to students a realistic assessment of the character of a discipline
through the process of discovery.

Like a 16-year old who has just received & driver’s permit, an undergraduate student has
considerable enthusiasm but lacks experience. The student may have completed most of the basic
courses expecied for a major in the discipline bus is not yet so sophisticated to kniow if a question that
he or she might ask has already been answered. The faculty scholar, on the other hand, is an expert
in at least one area of the discipline and understands what problems are ripe for discovery. When the
scholar accepts the apprentice, a problem is ideatified and the approach to its solution becomes the
framework of an undergraduate research experience. Initially, the scholar directs a!l aspects of the
problem's development but, eventually, the studeat becomes the expert.

The origin of undergraduate research is difficult to assess, acd there have been different
directions taken in different disciplines. In the sciences, which have the longest tradition of
undergraduate rescarch, the actual visible beginning of these experiences occurred only after the
Second World War. There were, of course, examples of individuals and institutions that engaged in

these activities even during the nineteenth century, but they were isolated instances peculiar to certain
institutions and to teacher-scholars who promoted such experiences for highly talented students.
Even Harmry Holmes, a distinguished scientist and Professor of Chemistry at Oberlin College,
inferred in 1924 that rescarch was & proper engagement for the college teacher, but not necessarily
for the student. In responding to an earlier criticism of college teachers who engaged in rescarch,
Professar Holmes states (1):

"A stimulating freshness and a fecling of authority come to the college teacher
as he unravels the secrets of science. The teacher profits, the great body of science
profits, and the pupil profits. The pupil then feels that he is near one of the fresh
springs that feed the stream of knowledge into which he has been dipping.

It is essential that the teacher do research work, i.c., he should comb the
subject of chemistry from end to end for facts and for methods of exposition that
will make such facts live and real to his students.”

As an educational methodology, research was to be valued because it imparted excitement into what
might otherwise be an exposition of dull facts. But the involvement of unsophxfncatcd
undergraduate students in this endeavor was not expected and, for most faculty in colleges and
universities, considered impossible.

Undergraduate ruem:h had its beginnings in faculty research where students took on the role
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of assistant, setting up experiments, preparing starting matesials, or looking after experimental
animals, but they did not perform the actual experiment. To do so would have led to uncertainty in
the results and their interpretation, because how could an untrained eye discem the complex nature of
the experiment being performed? Yet in this pre-World War I ena, students were involved in many
laboratorics, and they were waiching the conduct of expeziments and learning about the process of
discovery. This was especially true in undergraduate institutions where junior and senior students
were the principal workforce. In universities with graduate programs there was less need to involve
undergraduate students; here graduate students were available and had as their principal objective the
conduct of research.

Something extraordinary occurred during this period. Undergraduate instirutions educated
more students who went on to obtain graduate degrees in science than did many of their larger
university counterparts which had graduate school programs. In its Report to the President in 1947
on Science and Public Policy, the President's Scientific Rescarch Board observed (2):

"Although some 90 universities grant all the doctor degrees in science,
undergraduate work in science is scattered throughout our higher educational
system. Less than half the doctors of science receive their undergraduate training in
the same school that confers their advanced degree. The remainder complete their
undergraduate work in about 600 other colleges or universities.

Thus, the 90 university graduate schools depend in large part upon 700
schools, including their own, which grant bachelor degrees in science. These in
turn depend upon science courses in many others of the total of 1,700 schools in
the country. Many smaller institutions have, in the past, contributed scientists out
of all proportion to the numbers of their students. Thus: During the years of 1936
to 1945, Furman University, Oberlin College, Reed College, and Miami University
together graduated more studeats who later completed doctoral work in physics
than did Ohio State University, Yale University, Stanford University, and
Princeton University combined.

Over the same period, Hope College, Juniata College, Monmouth College,
St. Olaf College, and Oberlin College combined produced more candidates for
doctor's degree in chemistry than did Johns Hopkins University, Fordham
University, Columbia University, Tulane University, and Syracuse University, all
together.”

Why did this occur? We recognize now that research was a significant preoccupation at these
colleges, and undergraduate students observed the challenges of investigation and the enthusiasm that
was generated by discovery.

Just following the end of World War II, the Research Corporation designed a funding
initiative, the Cottrell Grants Program, to provide incentive for scientists to return to college= and
universities rather than joining on-going industrial and federal research at the large central laboratorics
into which they had been "drafted” for the course of the War (3). Grants from the Rescarch
Corporation were provided to faculty in chemistry and physics departments for research in which they
were engaged or about to initiate, and a significant fraction of these grants were awarded to scientists
at predominantly undergraduate institutions. Not surprisingly, in those early years most of these
Cottrell grants were received by faculty at institutions that already had a recognized tradition of
research. But these grants, unlike contracts provided by the Office of Naval Research (ONR) at that
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time, made possible full time summer research for selecied undergraduate students,

Faculty members who were performing research in the sciences during the summer needed
assistants and, without the cadre of free labor available when classes were in session, found that
student employment provided the ‘necessary workforce. Funding available from the Research
Corporation provided this fexibility to certain faculty. No longer limited by the time constraints of
coursework, students become more intimately involved in actual experimentation. They learned the
techniques and mastered observation with critical evaluation of results. By the end of the summer,
these summer employecs were well versed in experimental details and filled with the excitement of
potential new discoveries. With the adveat of the new academic year, faculty curtailed their research
in order to prepare for classes, but their students, enthusiastic with experience from their summer
research engagements, came into the laboratory with regularity to continue their experimentation. Out
of this was borne the beginnings of undergraduate research in the sciences.

The next major leap in the development of undergradnate research occurred in the early 1960's
when the Naticnal Science Foundation initiated the Undergraduate Science Education program which
became their Undergraduate Research Participation (URP) program. In this post-Sputnik era, this
country placed a high premium on encouraging students into careers in science and engineering, and
the URP program was created with the belief that if you allow an undergraduate students to
experience the challenges and excitement of discovery, their participation would become an addiction.

The success of the URP initiative during the 1960's can be measured in terms of the rapid
increase in the numbers of students who obtained their Ph.D. degrees in the sciences (4) and in the
comments of URP students who found that their undergraduate research experiences led them to
careers in the sciences (5). The URP program had its greatest impact on students in biology,
chemistry, and physics - so much so that by the early 1970's more students obtained their Ph.D.
degrees in these fields than there were positions available to them. Grants awarded to public and
private colleges and universities opened new vistas for many institutions without prior experiences in
undergraduate research and, in many respects, the enterprise was institutionalized in the sciences
during this period.

Although the largest single contributor to the development of the tradition of undergraduate
research in the sciences, the National Science Foundation's Undergraduate Rescarch Program was
not the only initative. Research grants to faculty awarded by the National Science Foundation and
the National Institutes of Health were often used, in part, to support undergraduate research. The
Petroleum Research Fund, administered by the American Chemical Society, encouraged undergrad-
uate research through their Type B grants to faculty in undergraduate departments at colleges and
universities. The Research Corporation continued its funding ventures and, in 1971, initated its
College Cottrell Science Program to support faculty and student research at private (now public and
private) undergraduate institutions. Even organizations as diverse as the Argonne National
Laboratory and Du Pont hired undergraduate students to undertake research experiences in their
laboratories. Similar support mechanisms for undergraduate research did not exist in the social
sciences, humanities, and the arts.

In part because of the excess supply of scientists in the early 1970's, various attempts were
made to dismantle the URP program, but without success. Instead, its goals and targets were
changed from year to year until 1981 when this program, along with the entire science education
operation at the NSF, was terminated. Unfortunately, the URP program was lost at the same time
that the number of new Ph.D.'s entering the mainstream of science who were U.S. citizens was
declining to pre-1965 levels. Recousideration of this impact, principally through a comprehensive
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study of undergraduate science, mathematics, and engineering education by a Task Force of the
National Science Board (6), as well as efforts undertaken through the NSF's Chemistry Division,
resulted in the resurrection of undergraduate research pasticipation through introduction of the NSF's
Research Expesiences for Undergraduates (REU) program, now in its sixth year.

The very nature of undergraduate research requires a special talent in the preceptor. The
problems undertaken must be significant but they must also be doable within a limited time frame, and
students must be given the opportunity to develop the investigation. Often the rescarch begun by one
student is continued by another. In other approaches teams of students are engaged, each assigned to
a particular aspect of a problem, or the preceptor and student approach the investigation together, each
contributing to its development. No single model is appropriate to all investigators or all
investigations.

Twenty years ago undergraduate research was limited in most institutions to students in their
senior year, and the term "senior research” was commonly applied to this endeavor. The remnants of
this are still seen in "senior honors projects” at many colleges and universities. However, such limi-
tations may actually inhibit the development of students in a research program since their graduation
abruptly terminates their investigations just when they are most capable of obtaining critical results.
Instead, carly entry into research allows students the luxury of learning about research, making
mistakes, and understanding pertinent literature with time remaining to thoroughly investigate the
problem. There is an intimacy of association that comes from intense involvement in a research
program, For students who have tasted the excitement of discovery, their addiction continues after
graduation.

Our expericnce at Trinity University, a liberal arts institution of 2300 students, exemplifies the
importance of undergraduate research in the development of student careers in science. Uniike many
institutions to which Trinity University is now compared, prior to the 1980's her science students
entered medical school or industry rather than graduate school. Science was not her principal
strength, and her alumni do not yet include members of the National Academy of Science. However
the 1980's brought significant changes to Trinity that evoked an excitement for carcers in science at a
time when, nationally, student interest in the sciences was rapidly declining. For example, in 1989
Trinity graduates received seven National Science Foundation Graduate Fellowships, placing 14th
among U.S. colleges and universities and universities in awards per capita.

The Department of Chemistry exemplifies the dramatic changes that have occurred. Between
1970 and 1985 an average of seven majors per year graduated, and fewer than one per year entered
graduate school in the chemical sciences. By the end of the 1980's the number of chemistry majors
had nearly tripled, an average of seven students per year was entering graduate school in chemistry or
biochemistry, and in one two-year period five Trinity University chemistry majors received the presti-
gious National Science Foundation Graduate Fellowships - nearly 5% of the total awarded nationally.

What are the factors that contributed to this change? Prior to 1985 fewer than 5 students per
summer were engaged in undergraduate research. In the summer of 1990, 41 students were
performing research with chemistry faculty, and one-third of them had only completed their freshman
year of studies; and for the summer of 1991 nearly the same number of students were engaged in this
activity. Funding for these programs has come from research grants, mainly from the National
Science Foundation, a site award from the NSF-REU program, and ‘contributions from private
foundations. All of the students who have undertaken careers in the chemical sciences since 1985
have credited their decision to their undergraduate research experience.
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MICHAEL P. DOYLE

Professor Michael P. Doyle is a nationally recognized research scientist and
chemical educator. Born and ralsed in Minneapolis, Minnaesota, he recelved his B.S.
degree from the College of St. Thomas in 1964 and his Ph.D. from lowa State Univarsity in
1968, where he war a U.S. Public Health Service (NIH) Predoctoral Fellow. He was a
postdoctoral associate and instructor at the University of lllinois at Chicago before he began
his academic caresr at Hope College in the Fall of 1968. Rising rapidly through the
academic ranks, he was advanced to the level of Professor in only six years, and in 1982

. he was appointed the first Kenneth G. Hemick Professor at Hope College. In 1984 he

moved to Trinity University as the first Dr. D.R. Semmes Distinguished Professor of
Chemistry.

Dr. Doyle has received wide recognition for his scientific and educational achieve-
ments. He received a Teacher-Scholar Award from the Dreyfus Foundation (1973-78), he
was presented with the Chemical Manufacturers Association Catalyst Award in 1982, and
he was the third recipient of the American Chemical Society Award for Research at
Undergraduate Institutions sponsored by the Research Corporation (1988). He is the co-
author of two textbooks for organic chemistry and one monograph. He has served as a
member of the Research Corporation's Cottrell Program Advisory Committee (1978-83),
and he is currently a member of the Research Corporation’s Board of Directors. He was the
first faculty member from a liberal arts college to be appointed as a member of the National
Science Foundation’s Chemistry Division Advisory Committee (1982-85), and he is
currently a Member of the National Research Council's Board on Chemical Sciences and
Technology (1989-92). His professional activities have extended from involvements with
the International Union of Pure and Applied Chemistry, where he is Titular Member and
Secretary of the Commission on Physical Organic Chemistry, to service on numerous
review panels and workshops of the National Science Foundation, National Institutes of
Health, and National Academy of Science. His activities in the American Chemical Society
include appointment to the Committes on Professional Training, which approves chemistry
departments for student certification, alection to the Executive Committee for the Division of
Organic Chemistry, and appointment as Chairman of the ACS Committee for the
Membership Affairs (1990). Since his move to Trinity University in 1984, he has presented
more than 100 invited lectures at professional meetings, universities, and chemical
industries.

Dr. Doyle and his students have coauthared more than 130 research publications
during the 22 years since he began his academic career in 1968. Undergraduate student
co-authors number 90, and half of these students are credited with two or more
publications. Counting only undergraduate coauthors, 45 have either received their Ph.D.
degree or are completing the requirements for their Ph.D., 10 have received their M.S.
degree, and 30 have obtained or will obtain their M.D. degree. The research areas that
have captured student interest extend from the chemistry of nitrogen oxides in biological
systems, electron transfer reactions, and diazonium ion chemistry to organosilane
reductions and selective oxidations. Dr. Doyle’s current research interests include the
design of catalysts for highly selective chemical transformations and the development of
new synthetic methods Involving carbanes.

Dr. Doyle was one of the founding members of the Council on Undergraduate
Research, its first President (1978-83), the Editor of its Newsletter (1978-present), and the
Chairman of this organization (1978-89). He has been Chairman of the Executive
Committee for the National Conference on Undergraduate Research, and he was
Conference Chair for the Third National Conference held at Trinity University In 1989.
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Mr. WorpPE. Thank you very much.

Congressman Nagle has not yet arrived, so I will introduce our
final witness on this panel, Dr. James Swartz, Associate Professor
of Chemistry and Chair of the Science Division at Grinnell College
in Iowa. Dr. Swartz.

TESTIMONY OF DR. JAMES SWARTZ, ASSOCIATE PROFESSOR OF
CHEMISTRY; CHAIR OF THE SCIENCE DIVISION, GRINNELL
COLLEGE, GRINNELL, 1A

Dr. SwarTz. Mr. Chairman, thank you for the opportunity to be
here today.

I left yesterday afternoon four undergraduate research co-work-
ers and six minority high school students working on research
projects. In addition, I left a number of curriculum development
projects on which I am working.

These are the types of activities identified by Project Kaleido-
scope which lead students to learn and pursue careers in science.
In my 11 years at Grinnell, I have come to realize the crucial inter-
action of teaching and research in the undergraduate enterprise.

I firmly believe that those two areas, often thought of as competi-
tors, are critically linked to the quality of undergraduate education
in science. They are the two legs upon which the enterprise bal-
ances, and it is very difficult to stand steady upon only one.

The Grinnell chemistry program is unusual in that it has contin-
ued during a time of dramatic national decline to graduate a large
number of chemistry majors, over 85 percent of whom go on to
earn graduate degrees in science. It has also been unusually suc-
cessful in attracting NSF support.

I believe those two observations are linked. At the majority of
colleges in the Nation, we have programs for which inadequate
support has left them unable to muster truly effective programs.

In Appendix A of my written testimony, I briefly describe the
Grinnell chemistry program and list critical NSF support. As I look
around, I find almost no part of that program which has not been
touched by an NSF-supported instrument or development project.

I am happy that one of your committee members, Congressman
Nagle, has had the opportunity to visit Grinnell and see first-hand
what that support has accomplished. We are grateful to you, the
U.S. Congress, and the National Science Foundation, for that svp-
port.

You might note from that list, however, that there are many
grants for curriculum development, but there are none within the
past 10 years. One might assume that we have recently been less
successful in the grants process. But the fact is, for the past 10
years, there have been no general curriculum development pro-
grams at the National Science Foundation. It was an auspicious
moment late this spring when the National Science Foundation an-
nounced its first curriculum grants in more than a decade.

The Neal Report, a report issued by the National Science Board
in 1986, called for a substantial increase in undergraduate pro-
grams at the National Science Foundation. It recommended an in-
crease in budget for undergraduate programs, exclusive of Re-
search in Undergraduate Institutions, to what would have been 6.8
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percent of the National Science Foundation budget, or about $200
million in 1991. This year, the level of funding is about $86 million,
less than half of what the Neal Report recommended.

Let me tell you a story about a recent National Science Founda-
tion grant in the Instruments and Laboratory Improvement pro-
gram for the chemistry department at Grinnell College. Two new
faculty members decided to prepare a proposal for the purchase of
a visible ultraviolet spectrophotometer.

The proposal anticipated that this spectrophotometer would be
used in experiments in the introductory chemistry course and in a
junior level instrumental ane ysis course. The award for $11,166
was made in May of 1990. The college provided the required 50 per-
cent match and the instrument was delivered late in June.

The principal investigators soon began working with that instru-
ment, to learn to use it and design the final details of an experi-
ment to be used in the fall in the introductory course. One of them
quickly realized that a project one of his research students was
working on would greatly benefit from use of the instrument.

I developed a project for minority high school students using this
computer-controlled instrument. By fall, the infection had spread,
and every single class the Chemistry Department offered included
at least one experiment designed to make use of that spectrophoto-
meter.

A biology faculty member took notice of what was going on and
convinced me that the two of us should submit a proposal to a pri-
vate foundation for three additional identical instruments that the
two departments would share for use in their introductory courses.
A number of visitors to the chemistry department observed what
was going on, and two have since called me for details, because
they intended to acquire a similar instrument.

My point here is that an $11,000 investment by the National Sci-
ence Foundation has in one year had a large impact on a large
number of students and faculty from more than one department,
and in fact from more than one institution. And most of that
impact was unanticipated.

This ILI program has received glowing reviews, but has had level
funding for the past three years. Since scientific equipment costs
escalate at about 10 percent per year, that’s a real cut of 30 per-
cent. The Neal Report recommended funding of this program at
about three times the current budget.

The Neal Report laid out the problems and the skeleton of
reform of undergraduate science education. Project Kaleidoscope
put meat on those bones. Although there is substantial evidence
that undergraduate science education is in trouble, the Project Ka-
leid%stlzope report describes a number of programs which are suc-
cessful.

I urge you and the National Science Foundation to work with the
undergraduate community to mount an effort appropriate for this
issue and vital to our national interests. We have much work to do,
but it is essential work. The dangers of not acting, risking the sci-

ence education enterprise, are far too great to miss this opportuni-
ty

.[The prepared statement of Dr. Swartz follows:]
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I am Jim Swartx, Asaociate Professor of Chemistry and Chair
of the Science Division at Grinnell College in Grinnell, Iowa. I
arrived at Grinnell College in 1980 after doing undergraduate
work at a community college and a small state college in
California, graduate work at the University of California at
Santa Cruz, and two yeara of postdoctoral research at CalTach. I
have recently served aa Chair of the Chemistry Department at
Grinnell Collage, and now serva as Chair of the Science Division,
which ingludes the departmenta of Biology, Chemiatry,
Mathematics, Phyaics, and Psychology.

In my eleven yeara at Grinnell I Lave come to realize the
crucial interaction of teaching and research in the undergraduate
entexprise. I firmly believe that thoaa two areas, often though
of aa competitora, are critically linked to quality undergracuate
education in acience. They are the two lega upon which the
entexprise balancaa, and it ja very difficult to stand ateady
upon orly one.

I heve found that learning is e personal activity. Students
need to feel that they can make the material theirs. My most
effective teaching ia that which takes placa with my reaearch
coworkers or in research-like experiencas in coursea.
Establiahing e dense of community among the students and faculty
is critical. Studenta get moat excited when they underatand that
they are part of the diacovery process and have an active role,
rather than the paasive one they all too often have come to
expect.

I have also realized the importance of National Science
Foundation support for tha cheaistry program at Grinnell College.
In Appendix A, I briefly deacribe that program and list crucial
N3F aupport. As X look sround I find almost no part of that
program which haa not been touched by a NSY-supported instrument
or development project. I am happy that one of you, Congressman
Nagle, has had an opportunity to visit Grinnell and see firat-
band whet that aupport haa accomplished. We are grateful to you,
the U.3. Congreaa, and to the NSF for this past support and look
forwaxd to a productive future.

BESE GO AUAILABLE
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We meet today because there are ominous signs that
undergraduate science education in the U.S. is t+oubled. Not
only are there far fewer students completing scionce majors, but
there are a number of indications that instruction is of poor
quality and ineffective. The Project Kaleidoscope report does an
excellent job of laying out the problems and an array of
solutions, citing exemplary .programs where those solutions have
been successful. I believe that our problems are linked to the
fact that, during the late 1970’s and early 1980’s, the NSF
phased out essentially all programs dealing with undergraduate
education, and educational dsvslopment lacked leadership and
funding. Recent work of the NSF and Congrsss {this Committee
being a prominent participant) has begun to establish an
infrastrictire from which we might rebuild excellence in
undergraduate science education. I will rscommend to you that
NSF substantially enhance its undergraduats programs in the USEME
office. Additional programs and fundirg are needed in:

instrumentation,
course and cuiriculum development, and
faculty development.

The Problems

Allan Bromley, Head of the Office of Science and Technology
Policy and Advisor to the President, is quoted as follows by THE
SCIENTIST (Jvly 23, 1990) in response to a question about whether
"... universities need to improve their teaching of scisnce":

"1 do not consider that as one of our major problems...
I'm much mors concernsd about the quality of science and
math teaching at the slementary and high school levels
than I am about the quality at the undergraduate level.
Students in colleges and universitiss are much more able
to cope with less-than-superb teaching, and if they have
been taught at all well, they should be doing a
remarkable amount on their own.” .

I come bsfore you to take issue with this statement and
indicate whet I believe some of the problems to be with
undergraduate science education and how the NSF and liberal arts
colleges can play a role in the solutions to those problems.

We are all aware of the "pipeline problem”, that we are not
graduating sufficient American scientists to sustain a prosperous
and technologically xdvanced society and economy. I will not
dwell upon this, but move on to focus on other symptoms of a
troubled undergraduate science education enterprise.

We set the stage for students to becoms scientists before
they enroll in college, sanct if we do a poor job in pre-college
education it is almost impossible to effectively educate those
students as scientists at the college level. There is, however,
a hemorrhage from the pipsline at the college level. Over half
(54%) of collene freshmen with a strong interest in science or
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engineering do not complete baccalaureate degrees in scierce or
engineering (R.C. Alkinson, Science, 1990, 248, 42%. 8Somchow the
college science curriculum either lacks the ability to keep
students intereated, is too discoursging, or is too difficult for
most. students who sre interested in science. This hemorrhage is
an indicstor of poor quality instruction; students axe voting
with their feet.

Science graduates are not reprssentative of the populstion of
the United Ststa Although the percentsge of women science
majors has incressed substantislly in the past 15 years, the
source of that increase is due more to the decresse in the number
of men majoring in science than an incresse in the number of
women. 3lacks make up 12% of the populstion of the U.S8., but
only 4% of acience bachelors degree recipients. In 1986-7 leas
than 90 institutions graduated more than two American Blacks with
degrees in physical science. In most years fewer than ten Blscks
or Hispanics receive PhD degrees in chemistry. As members of
these under-represented groups become a larger fraction of our
workforce, the fact thet they are not pursuing science careers in
representative members compounds the pipeline problem. We must
slso admit that our education system is flswed if for no other
reason than that it fails to give an equsl opportunity for sll to
pursue science csreers,

Another criticel failing of our educstional system is the
question of science literscy. Only one of 15 U.8. adults and one
of five U.8. college graduates is literste in science (J.D.
Miller, Daedalus, 1983, 112, 29). Colleges and universities are
failing in the charge to educste citizens who can properly
function in a scientific and technological society.

We also must note that colleges and universities are
responsible for educsting the nation’s pre-college teschers.
Our primary and secondsry school teachers consider science %o be
the area in which they sre least qualified to teach (I.R. Weiss,
1977 Nstionsl Burvey of Sci., Math., & Soc. 8St. Educ., Wash. DC:
U.8. Gov’'t Pri.off., 1978). We aust provide our futurs pre-
college teschers a sound background in science and technology and
a sense of excitement about and spprecistion of the importance of
those disciplines, if we hope to hsve a scientifically literats
genaeral populstion and to provide the bsckground and motivation
to students to pursue further study.

The points above are the symptoms; whst is wrong? The
introductory courses are the critical ones. It is those courses
which discoursge the largest number of those students who coma to
college intending to become scienctists. Those courses are, for
the most part, the only ones taken by students who do not major
in science, i.e. the students who become pre-college teschers and
who will (we hope) be our educsted citizens. 1In the introductory
courses we pursue 2 model not much changed from the early 1960’s.
During the *Sputnik”™ era we bad s large number of well-prepared
students entering our colleges, and we persuaded many to majdor in
science. The role of introductory courses was to cram ss much
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information as posaible into the coursea and to aelect the "bast"
atudenta to go on for additional atudiea in acience.

Introductory biology, chemiatry, mathematica, and physics became
Xnown aa "wesd-out”™ coursea. We assumed that acientists could
best make scientific decisions for the nation, and there was
little perceived need for science literacy in the general
population.

Today we have more poorly prepared atudenta entering the
university, and a much amaller proportion of thoae atudents
interested in science, and a greater need for acientific literacy
among our citizens. We, however, cling to the aame modsl of
teaching, have crammed more and more information into thoae
courses, and "weed out™ all but the moat peraliatent and adept.
The material in those courses is almoat exclusively focused upon
preparing students for the ’next course’ rather than for a life
as an educated citizen, and, thus, haa little relationship to
their experiencea. We have, somehow, not recognized that we must

‘alter introductory coursea to attract studenta to aclence and to

provide some science literacy to all. We need coursea which are
nourishing rather than herbicidal.

Sheila Tobias haa recently published a very revealing study
of introductory courses in aclience. ("They’re Not Dumb, They’ re
Just Different”, Research Corporation, 1980). She placed highly
qualified, highly able college graduatea who had been acience
avoidera in college, as "ringers" in atandard introductory
chemistry and phyaics classes. Those students not only atudied
the material of the courae, but reflected upon the course
structure, content, and style. Thoae *ringera®™, for the moat
part, did very well but found the couraes diaconnected,
impersonal, and ineffective at either teaching science or
inducing any interest in ascience among the studenta. The
participants found that neither they nor the other enrollees in
the courses could come up with anawers to tha questiona: “What
are we learning?” and "Why are we learning thia now?”

The _Causes

So here we have the problem. Our old model of science
education is not working in that it is (1) not producing enough
students who plan to pursue careers as acientiats; (2) not
engaging s representative sample of the population; (3) not
providing a sound background and excitement zbout science for our
future K-12 teachers; and (4) not producing a scientifically
literate population.

There are a number of causes of these problems, but one which
we can address here today is a lack of Federal leadership and
support for undergraduate science science education. NSF support
for college science has withered dramatically during the decades
of the 1970’a and 1980’s. The total WSF support at the 30
collegea represented by the Independant Collegas Office in 1968
and 1887 has declined by 53% over these 19 ysars, a decline of
86% in coostant dollara. (These colleges would be a good aample
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of the Carnegie-classified category, Liberal Arts I, which
includes 140 indapendent colleges and two public onea. Data
taken from "Federal Support to Universities and Colleges", FrY
1968 and FY 1987, National Science Foundation, Waahington, DC:
U.S. Government Printing Office, 1969 and 13988.) Even more
dramatically, the median school in these arrays shows a decline
of 78% in NSF support (93% in constant dollars), which indicates
that the very scarce support is being concentrated in the
stronger colleges. This data indicates the large and serious
erosions of Federal support of science education in an important
sector of baccalaureate education. It is ironic that this group,
despite the lack of curricular development and scholarahip
support from the NSF, has done better than any other class of
jnstitutions in maintaining high productivity of acientists.
("The Future of Science at Liberal Arta Collegas® and
"Maintaining America’s Scientific Productivity”, Oberlin College,
1985, 1987)

In sharp contrast, NSF support at the research uvniversitiea
has continned apace. For the 100 universities that were the
largest recipients of Federal support, the MSF contribution went
from $179 million in 1968 to 41,069 million in 1987, an increase
of 497%. The median school increased 401%, indicating a slight
concentration of support in the more successful universities. 1In
conatant dollars, the net increase in NSF support was 82% at
those institutions.

If one were looking around the science education landscape
for a large direct cause of the criais in science education, none
would be larger than this dramatic shift in Federal spending
priorities away from a balance of education and research to
almost excluaively research.

This record of inadequate support has had a corrosive offect
on college and university faculty. Many college faculty who went
into their jobs in the 1360’a and 1970‘'s did so when NSF science
education support promised reasonable means of sustaining a
career as a teacher/scholar. That vision became a chimera in the
late 1970’s and early 1980‘s as science sducation support at NSF
ground to a halt. College science faculty began to use their
summers to teach summer school, paint their houses, and £find odd
joba. Similarly, research university faculty learned that there
was no professional future in science education. One could not
get money to take the time and to acquire the resources to follow
up on curricular ideas. Furthermore the peer reviewed grants
process is one of the few ways in which college and university
faculty can show evidence of excellence in professional activity.
When there is no funding, there is no peer review of curricular
or professional development, and the local reward system
(recognition, raises, and promotion) faila to recognize
curricular development a a substantial professional activity. 8o
the ideas for improvement were ignored and gradually ceased to
come. Research became the only game in town for university
faculty, and, practically, the only professional engagement for
college science faculty.
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In contrast to the situation of support for faculty
development in the field of science education, the National
Sciencs Foundation has done a far better job of supporting
faculty development in the area of research. Excellent programs
include Research Opportunity Awards, Research at Undargraduate
Institutions, and Research Experiences for Undergraduates. I do
strongly support (and have myself taken advantage of) these
research oriented programs and am convincad they have a crucial
xole in developing excellence in undergraduate education. These
research programs, however, affect only a very small fraction
(about onae in 300) of faculty at undergraduate institutions.
¥While I believe these programs to be excellent, but under-funded,
I would likeé to concentrate here on support for curricular
development. I asgsert that excellence in education cannot be
achieved by only excellence in research. Excellence in
curriculum design and content and in instruction is also
absolutely necessary. The 1980’8 program of the National Science
Foundation sent a message that research was the only game in
town. That, unfortunately, was the wrong message. Again, what
we need is both legs, curricular innovation and research, on
which to balanca an excellent program.

In March, 1986 a task foxce of the National Science Board,
chaired by Homer Neal, released a report, "Undergraduate Science,
Mathematics, and Engineering Education" (referred to as the Neal
Repo.t) which presented a thorough study of undergraduate acience
education in the United States. The study found that serious
problems, especially concerning quality, had developed during the
proceeding decade. The report described undergraduate education
in the sciences, mathematics, and engineering as "the essential
bridge the schools and the nation’s apparatus for research and
development™ and suggested efforts to reform it must be
"nationwide...and will require participation by public and
private hodies at all levels."” The Neal Report concluded that it
was critical that the National Science Foundation retake a

"meaningful leadexship role” in undergraduate science,
mathematics, and engineering education.

The Federal government and NSF in particular must realize
that they need to participate as leaders in restoring a balanced
set of values in science faculties. The formula for reform is to
provide professional rewaxds for science faculty who maintain
strong and distinguished commitments to both research and
education, and to recognize as lesser contributions those that
ignore one or the other. NSF’s primary mission, enunciated in
its chartex, is to stand squarely for the unity of research and
educstion in science. We have begun to see a substantial
improvement at NSF, with the institution of some successful
programs including Instrumentatich and Laboratory Improvement
(ILI), Undargraduate Course and Curriculum Davelopment (UCC), and
Undergraduate Faculty Enhancement (UFE). What we need is to
sustain and enhance those efforts.
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The Solutions

In 1986 the Neal Report recommended z $100 million increase
in the annual appropriation for undergraduate education. Neal
recommended that funding through SEE (now EHR) at a level which
would have been 6.8% of the NSF budget in 1986. That correasponds
to about $199 million in 1991 (these numbers will be referred to
as the adjusted Neal recommendations). The Current Plan for
USEME funded and target programs related to the Neal Report is
$86.8 million (the total for undergraduate programs leee Research
at Undergraduate Institutions, which wae not addressed in the
Neal recommendation). The funding available is, thue, lees than
half of what was conservatively recommended in thie National
Science Board report. Without a substantial additional effoxt we
will continue to fall .-further and further behind in our attempta
to achieve excellence in undergraduate science education. An
annual investment of lasa than 2% of the cost of the SSC or leas
than 10% of the current year budget for the space station,
Freedom, is affordable and essential to demonstrate leadership of
the entire undergraduate science education operation of the
nation, If we do not make such an investment we may not have
competent scientists to “evelop, construct, and operate these new
technologies.

Instrumentation. One of the first programs establisnhed under
the newly founded Undergraduate Office of Science, Engineering,
and Mathematics Education (USKME) was ILI. That program funds
the purchase o2 laboratory instrumentation for uae in
instructional (as opposed to research) laboratories. Although
the program funda go exclusively to purchase instrumentation, the
program is an indirect and rather effective form of curricular
development.,

Program dollars are highly leveraged. A minimum of 50% of
the funding must come from non-federal aources. Furthermore, no
funds are provided to support personnel to actually develop
experiments making use of the new inatrument. (This year the
USEME office expecta to fund a few proposala in a new program,
Leadership in Laboratory Inatruction, which do provide aome
personnel suppoxt.) The ILI program has been evaluated eeveral
times and haa received glowing reviews.

Not only are the dollars spent in the ILI program highly
leveraged due to matching and the fact that faculty time for
implementation comes without any Fedsral supporxt, there are other
leveraged aspacte to the program. Other faculty at the
institution will notice the instrument, learn to uae it, and
devise unforaeen curricular changes. Furthermore, students and
faculty involved in research projecte will undoubtedly use the
instrumant. Faculty may (either formally through publication or
informally) tell their colleagues at other institutions of their
auccesses and encourage them to mount similar efforte at their
home inatitutione.
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Lot me tell you the story of a recent ILI grant to the
Grinnell College Chemistry Department. Two new faculty decided
to prepare a proposal for a visible-ultraviolet
spectrophotometer. The award for $11,166 was made in May of
1990. The College decided to use internal funds to provide the
match, and the instrument was delivered in late June. The grant
proposal anticipated “hat the spectrophotometer would be used in
expsriments in the Introductory Chemistry course and in a junior
lavel, Instrumentzl Analysis, course. The principal
investigators soon began working with the instrument to learn to
use it and to design an experiment for use in the introductory
course in the fall. One of them quickly recognized that a
prc ject that one of hia research atudents was working on would
benefit greatly from the use of the inatrument. BSoon after this
student began to work, several other students noticed that their
research would benefit from experiments using the
spectrophotometer. I waa developing a series of projects to be
conducted by high school students (in a program to maintain and
stimulate interest of highly qualified minority students in
science), and I designed a study using this computer contro®led
instrument. By fall the infection had spread and every c’:-&s the
Chemistry Department offered included at least one exper.ment
which made use of the spectrophotometer. This summer our 28
chemistry research students are using the instrument nearly all
day and most of the evening. A biology faculty member took
notice of what was going on and the two departments decided to
submit a joint proposal to a private foundation for the purchase
of three additional spectrophotometers to be shuttled between
departments for use in the introductory courses in both programs.
My point here ia that an $11,000 investment by NSF has, in one
year, had an impact on a large number of students and faculty
from more than one department, and that most of that impact was
unanticipated!

I find three problems with the ILI program. First, there are
substantially more qualified projects than can be funded. This
program has received level funding for the past three years.

(The numbers in the USEME budget appear to have increased;
however funds for ILI grants for PhD granting institutions which
were previously charged to the Research and Related accounts are
now charged to the USEME account. Thus, the budget line shows an
increase when no increased funds for the program have been
available.) Since scientific equipment costs inflate at about
108/year, there has been a real decrease of roughly 30% in the
paat three years. Secondly, much curricular innovation does not
occur because many faculty simply do not have the time to make
the best use of the instrumentation. I believe that the new
Leadership program has made an auspicious start in this area, but
the USEME office has had to carve off funds from the standard ILI
program to support this initiative, and they expect to fund only
a small fraction of the proposals received. Thirdly, many
institutions find the burden of 50% matching funds larger than
they can afford. Institutions muat take on the burden of
increased maintenance and repair costs (about 5-10% of the
original cost/year). Many simply cannot afford half the cost of
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the instrument in addition to those ongoing costs. Thesa costs
hit less affluent institutions (including many historically Black
colleges and universities) particularly hard. NSF should
consider decreasing the required match from 50% to 35%. Congress
should provide a substantial increase in the ILI budget to adjust
for inflation, to support the new Leadership program, and to
decrease the required mstching funds. The Neal Report
recommended $94 million (adjusted) for whst are essentially the
ILI and Laadership programs. The current plan is $27 million,
less than one third of the recosmendation.

Curriculum. Another area of critical need is direct
curriculum development. It was an auspicious moment late this
spring when the National Science Foundation announced its first
curriculum grants (for general science curricula) in more than a
decade. The Undergraduste Course and Curriculum (UCC) program
currently focuses npon curricular development in introductory
science courses. (There are two separate programs which have
awarded a small number of fairly large grants, one focused on
calculus instruction and one on enginsering instruction.) 1In
this, the first year of the program, the community responded with
a flood of ideaa. The USEME office received 714 proposals
requesating $260 million, but could only fund a total of $9.25
million in projects. It is clear that there are ideas for
curricular reform. There &re, however, not enough resources
available to support a comprehenaive effort. There is a
significant risk in operating a program with such s low success
rate. Once individuals get the word that the odds of being
funded are only ahout one in 28, they will be diecouraged from
spending the time (typically 60 hours) to prepare and submit a
proposal, and innovation dies.

Funding is not the only problem in the curriculum area. The
program, as it is now designed, only supports curricular
innovation in the introductory courses. It does not explicitly
address the issues of science literacy or curricula beyond the
first year. These two areas are also filled » ‘th problems and
ripe for reform. The Alfred P. Sloan Foundat a has recently
concluded a ten year project, The New Liberal Arts Program,
aimed at improving scientific, quantitative, and technologicai
literacy of liberal arts studente. Funding in that program was
limited to a few highly selective liberal urts colleges and
several historically Black colleges and universities. NSF should
take the opportunity to take the baton from this program and to
broaden the impact from the rather narrow set of institutions.

The ILI program is really the only program which now supports
curricular innovati> n at the advanced undergraduste level, and it
does so only indirectly. While I recognize that the most
critical area for reform is at the introductory level, UCC should
be expanded to address problems at other levels as well.
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Finally, I would like to address the question of style of
curricular innovation and reform. It is often tempting to single
out a few select, highly visible institutions, fund them at high
levels, and expect them to devise an excellent curriculum which
everyone would adopt. Yo do that would he to repsat the mistakes
of the centrally planned economies. That is to say that a few
have such good ideas that all should adopt them. The problems
here are manifest. First, it asaumes that there are one or
several curricular models which will work everywhere. There is
absolutely no evidence that this is the case. I am confident
that the needa for curriculum are different at CalTech, Grinnell
College, the University of the District of Columbia, Clark-
Atlanta, and the University of Wisconsin. " The other issue here
is that curricuium is personal. Fraculty do their beet teaching
and students their best learning when they have inveeted
themselves. Just as in economic development, the most succesaful
work comes out of an entrepreneurial spirit, when many
individuals have the opportunity to try their own ideas. Some of
those ideas will be outstanding, noticed by others, and emulated,
but the key to excellence is to promote individual efforta. If
wa adopt the centrally plannéd economy approach we doom ourselves
to the degres of success which we now see results from that
approach. My point here is that we should support many smaller
projects rather than a few large 'model’ projncts. We also need
to allow some projects to develop just as local improvements, not
requiring them to bs national models. 3mall projecte aimed
eimply at improving courses for the atudente at the home
institution will benefit those studente, and may, in fact, become
model programe, but we typically have trouble recognizing which
projects will be such auccesses at the very beginning. How many
of us recognirzed thet Intel, Apple Computer, or WalMart were
likely to be so successful that we wagered a subatantial poxtion
of our resources upon them in the atart-up phases?

The Neal Report recummended funding of $24 million (adjusted)
for curriculum efforts. The Current Plan is $14 million, a
little over half of the recommendation. The NSF should expand
curricular reform efforts to include science literacy, upper
level courses, and local course improvesent.

Yaculty Development. A third productive area for NSZ
programs is faculty development. It is esseantial that faculty,
throughout their careers, keep up to date in the rapidly changing
fields of science and remain excited about their work. The NSF
has a number of excellent programs for faculty development
focused upon the research environment. There is only one program
which funds nonrresearch activities, the Undergraduate Faculty
Enhancement program. That program supports seminars and
workshops to assiat faculty in maintaining their competence in
their disciplines, and to broaden their expertise, but here again
only a small fraction of eligible faculty (about 18%) are
supported.
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XSF needs to aubetantially broaden its support of
undergraduate faculty development programa. The Acting Director
recomuended in hia November 16, 1990 report, “"The Infraatructure
of Undergraduate Education®, to your full committee initiativee

- in this area including:

supporting acience and engineering faculty to take
leaves of abeence to study pedagogy, or to combine
reasarch and educational rovement in euch a
leave.

support for faculty professional activitiea at their
own schoola and involving their own studente that
includes aubjects beyond traditional disciplinary
reeearch.

support for postdoctorals, two year college
teachers, and high school teachers to work with
college faculty mentora on projects that combine
teaching and reasarch.

I wholeheartedly endorse these suggeated initiatives and hope
that NSF can find resourcea to initiate them. The Neal Report
recommended funding of $24 million (adjusted) for faculty
development programs. The Current Plan ie 34 million for the UFE
program, only about one eixth of the recommendation.

¥acilities. I ehould make a brief comment on facilities. It
ias, of course, eseential that appropriate facilitiee be available
for any strong program to evolve and euetain itself. There haa
been considerable recent diecuseion of the poor atate of U.S.
acientific reeearch and inetructional facilities. The NS¥ has
mounted a small effort to deal with renovation of reeearch and
research training, but not inetructional, facilitiee. I wae
involved in making recommendatione to and reviewing the
guidelinea for that program, and submitted a succeeeful proposal.
I would like to compliment the NSF on eetablishing what I believe
is an excellent program. Critical in that proceas wae the
grouping of inatitutiona eo that a variety of typae of could
conpete againet other like institutions. I want to make clear
here that there waa no entitlement for anyone, but a chance for
the NSY peer review procese to chooes excellence in different
types of inatitutione. The program has been very emall, but I
believe it ie a highly auccessful model upon which to build.
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Concluding remarks

The Neal Report laid out the problemas and the skeleton for
reform of undergraduate science education. Project Xaleidoscope
has put meat on those bones. There is substantial evidence that
there are severe prcblems in undergraduate science education.
The Project Kaleidoscope report, however, describes a number of
programs which, in a variety of settings, are successful. I urge
you and the National Science Foundation to work with the
undergraduate community to mount an effort appropriate for this
issue so vital to our national interest. One issue critical for
Congressional action is to increase the funding available for
undergraduate programs administered by USEME to be consistent
with the recommendations of the Neal Report. At a minimum,
doubling of the budget for undergraduate activities is in order.
We have much work to do, but it is essential and rewarding work
which will have great rewards. The dangers of not acting,
risking the science education enterprise, are far too great to
miss this opportunity.




APPENDIX A
An Example of the Crucial Rols of NSF Grant Support
in the Evolution of the Grimnell College Chamistry

Chemistry Department currently mumbers six faculty, has two staff,

15-20 B.A. chemistry majors per year from an enrollment of 1270, and
has about 130 each year in the introductory courss. The Table mumarizes NSF
grattmwo:tint)namiatryqumdmlw. As one reads through the
list it may be noted that virtually no axea of involvement of the Departmant was
urtouched by RSF support. mofunoqaipxt,ﬂnthg:wqu‘dfor'mrdf

bt the College usad an NSF-CAUSE grant in 1979-82 in part for this purpoes - to
remodel and enlarge a space for a bi lahoratory, a rapidly changing
area of chemistry. he Department also did a fair bit of improving of curricula
via the CADSE, IOCI, and several instructional equipment grants (ISEP, CSIP, and
ILI) . mmmmatonnoffmltydummpmd:atammgm
level of develcpment, but the several URP grants (and lately an R&U grant) and
sabbatical leave support grants are direct faculty development projects.

help in almost every cass in ing this instrumantation., This in itself is
amwforfmltyptofeuiaalactivity,bolt\ﬂmtm and to v~
to-date i work in courses. Fquipmant is not the only thing that is
needad,mtithuvnlnnbhcatalytictﬂoct‘m-tyouarmofmm
a smmll non-doctoral departmant.

This record of sucosssful grant activity was not put togsther trithout scome
discouragemant . A few of the proposals were successful the first time around,
ut most of them required persistence. In particular, the large CNNE

1 wec £ through two failures, the UR? grant in 1978 was precedsd Ly three failures,
| =yl most of the research gramta to individuals were precedad by one or more
} failures. It is extremely important to see this. Thoee grants when finally
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The Department at Grinnell College according to many statistical
measures and tative judgments of peers is in excellent shape. It has
probabl relatively in its scienos education capacity over the

suppcrt would represent most college chemistry departments in the U.S.
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Sumsary of NW-Sypported Science Mdocabion Projects
in the Chemistry Depertssnt of Grinnell College 1964-91

lbi:alCoat Year NSF Progras

$ 68,600 1964~1971, Summexr Rasearch
1973, 1978 NSF-URR
1980,1981

$240,000 1967-11

$ 7,000 1968-69

$ 30,000 30,500

$ 25,000 1970-7. 18,970
$ 25,100 1970~73 25,100
$ 10,000 1972 5,000
$ 30,000 1974 . . 20,000

$ 10,600 1978 5,300
$ 21,750 1979 11,600
$183, 000 1979-82 122,000

$ 40,000 1980 25,000

$ 13,000 1980-82 13,000

$ 10,000 1981 8,500
$ 63,000 1581 . 25,000

$ 19,560 1981-82 19,560
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Mr. Worre. Thank you very much. I want to express my appre-
ciation to the witnesses for some excellent testimony, both verbally
and in the written statements in which you are able to elaborate at
greater length with specific recommendations.

I want to commend you, Dr. Sullivan, and all your colleagues
who worked on Project Kaleidoscope for a really excellent job. We
are fortunate to have several representatives from the Project Ka-
leidoscope executive and advisory commitfees testifying today, and
you have drawn on a number of ¢ xcellent resources for your study,
not the least of which is our own chairman, George Brown, who
was referred tc in the testimony a moment ago.

I understand you have submitted your report to the National Sci-
ence Foundation along with a letter to Dr. Massey which summa-
rizes your recommendations. We of course look forward to hearing
NSF’s comments on Project Kaleidoscope later in this hearmg

[The letter mentioned above follows:]
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AN
SR, Proj Kikidmespe

1738 Khvede kiand Avenve NV,
Washingtea, D.C 26036
May 1, 1991

Dr. Walier E Masecy, Director
The Natioral Science Foundation
Washingion, D.C. 20550

Dear De. Massey:

On behalf of sy colleagues oa the Executive and Advisory Commil of Project Kaleid
pleasure 1o communicate with you in your first weeks as Dircctor of the National Sci F Project
Kaleidoscope has been an ded effont involving presid deans, and facully in mathematics and the
natunal seiences from the nation’s liberal ants colleges and other predomi ly undergraduate i

We ived NSF support from the Education 2nd Human Resources (EHR) Directorate — Division of
Undergradoale Sci Engincering, and Mathematics Education (USEME), with additional grants from the
Excxon Education Foundation, The Pew Charitable Trusts, the Kellogg Foundstion, and the Camille and Henry
Dreyhss Foundation,

pe, itisa
¥, d

Our charge was 1o outline a plan foc the coming decade for undergrad i and math education

in the liberi. arts setting our report presenting this plan of action, “What Works: Building Natural Science

C ities.” will be published in June. We recognize that the NSF must take the leadership role if the

nation’s problewss in undergaduate sci and math ics are 1 be add d, and present here for your
ideration our dations that pertain specifically W the NSF. This letter will be included in the

repont and thereby bocome part of the formal record of Project Kaleidoscope.

We began our work in the fail of 1989 convinced that undergraduale science and mathemalics must be

strong if the challenges facing this country are 10 be met — if we are 1o have 1) an educated citizenry that is
scientifically and technologically literate, 2) sdeq bers of well-equipped scientists and mathemalicians
for the nation’s scademic and k itics, and 3) scientifically competent and confident primary and

secondary schoal teachers. A strong undergradusie sector is eritical if this nation is to sitract more women and
inoritics im0 sci and mathornadi

Both the forthcoming report and the Project Kaleidoscope Vational Colk q

of Sciences on February 4 and S, 1991, have been based on our experience and
programs that d in ing i
persons participated in the National Colloquium, represening colleges and ur

country, lederal and private funding agencics, and educational associations Or. Frank P
remarks, called it pethaps the most imp gath
includ ies of colloq activities, includi
George E. Brown, Jr_ and Dr. D. Allan Bromley.

held at the National Academy
analysis of undergraduale
ing student interest in science and mathematics. Over 600

i il ities [rom across the
ress, in his welcoming
ing at the Academy in iwelve months. Our report will

g p icna by Dr. James L Poweli, Congressman

We appland your i " ... gthen the rescarch base and infrastructure and improve science
education and opportunities for all students . . " a3 expressed 1n your recent Congressional testimony e
belicve liberal arts colleges and ocher predominsntly undergraduale institutions offer an ideal venue for reform
efforts. Because of their size — small enough to make change possible, their
enough to make change likely, and thess proven

place from which (o stan the reform of und

I e — strong
record of productsnity, these tastitutions provide an exeellent
fuate scicnce and

This reform should be besed on a clear understanding of what works. Re are convineed that science and

mathematics education works wherever it takes pluce within an active y of . where

work collaboratively in groups of manageable size, and where faculty ace deeply commutted 1o tear hing.

devoted 1o studemnt success, and consinced that all stwderts can learn. It works where learning 15 sctive, hands-
i igative, and ial, and where the cumiculum is rich in lab Y experiences, steeped in the

on, p
methods of seientific research as it s practiced by professional scientists. This approach works for women, for
minoritics, lor all students.

3
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We are coavinced that the of p PSR VO m and
g-adunm‘ persons who go o6 10 science md mathemaiics careers and vrho benome mmﬁed!y litesate

citisens csn be traced directly w0 d\u lvpm.ch You and your eollu;ue‘ in the fedanl sector can be mur:d of
our intemt to be active p in Uhe national effort to gh and ot all ed

levels. Four initiatives must receive highest priority in the i diate future if this approsch is to be impl d
in schools and colleges across the country, The recent FCCSET repoxt is consistent with these initiatives.

INITIATIVE I. REFORMING THE INTRODUCTORY COURSES IN UNDERGRADUATE SCIENCE AND
MATHEMATICS.

INITIATIVE I1. SUPPORTING THE INTEGRATED TEACHER/SCHOLAR ROLE OF UNDERGRADUATE
SCIENCE AND MATHEMATICS FACULTY,

INTTIATIVE II1. MAKING DISCIPLINARY CONTENT AND ACTIVE LEARNING CENTRAL TO THE
EDUCATION OF K-12 TEACHERS OF SCIENCE AND MATHEMATICS.

INITIATIVE IV. DEVELOPING PARTNERSHIPS FOCUSED ON STRENGTHENING LNDERGRADUATE
SCIENCE AND MATHEMATICS,

You will find specific rerommendations for the NSF in relation 10 these initiatives in the accompanying exhibii.
Although each is described separately, there is 4 strong relationship among these lout initiatives — each
dimension of the undcrg-udunc elort must be considered integral 1o the whole. Efforts will not succeed if the
reform nf muoduaoq courses is scen as separale from (aculty enhancement activities, or if leaching and

h are seen in competition with each otherrather than as integrated responsibiliues of the undergraduate
faculty member. Furthermore, such efforts will be unproductive if advances in scholarship. 1echnology, and
pedagogy are not linked explicilly o programs foc inétrumentation acquisition and cumriculum development.

[n each of these initiatives, carelul auention must be paid to under-represented groups 1n science «— women,
minoritics, and handicapped — whose lives would be enriched by greater achievement in these areas, and
who would in tum make a significant contribution to the lives of us all. This is one reason why, in Project
Kaleidoscope. there is strong participation of faculty and administrators from Historically Black Colleges
and Universities. Everyone has much 10 learn from their syccesses.

We do ot expect the NSF to meet all the needs of undergraduate science and mathematics with grant support,
however, we do look to the NSF 10 set the parameters by which reform effons are o be undertaken, evaluated,
and disseminated, and lo do this 1n concert with the communily it seeks to serve. The graduales of instiutions
for which we speak have made and can conunue 1o make a significant contnbution 10 Lhe nation's sciennific
infrastructure — as citizens, and 1s members of the academic and scientific communities. The hberl ans
colleges need lo beat the Lable as policies and programs 3ffcening undergraduate science and mathematics
are considered. Congressman Brown emphasized this 1n his presentation at the Project Kaleidoscope Nanonal
Cotloquium. saying that reform efforts nced financial support. bul more important, they necd an environmert
in which people collaborate 1n worxing toward mutuallv agreed-upon goals

Our work builds on that of many others — the Vational Saience Board {The 1985 Neai Repont]. the work of
the “Obedin 30 Colleges.” the Counail on Undergraduate Research, and the member inztitutions of The
Independent Colleges Office — 1a the cffurt to help focus attention on the sigmificance of the undergraduate
academic experience in the science and mathematics pipeline. We recognize that considerable progress has
been made. and are graicful 10 Drs Bassam Shakashin, Luther Williams, and Robert % aison for therr
leadership. However, one challenge you face is lo bang a clearer focus 1o undergraduate activities withen
the Foundation. Welock to the V3F to mount a sustained effort 1o strengthen undergraduate science and

mathematics, and urge you not 1o abandon programs before they have had ume 1o work It takes ume 1o
accomplish effective change.

Beyoad the intlialives presented here, there are further issues we believe must be addressed

ST
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First, & concemn is that current discussions — about the relationship of leaching and ech, about bal
between big science and little scienoe, as weil a8 balance between oducationsl sectors — may not be informed
by a clear undentanding of what the predominanuly undergr institutions have lo ofier. An analysis of
\he membership of NSF policy and advisory boards reveals that predominantly underpaduste inatituti
generally, and liberal arts colleges specifically, are under-rep d, given the disproporti ibution
these institutions make 1o the national scientific and educational prise. To meet the national goal 1o atimet
mofe students into science and mathematics, NSF support must be available o all sectors of the collegiate
community that have & d productivity in the education of scientists and mathematicians. If this is to be
plished, repr ives of all sch seclors must participale as policies and programs are developed.

P

Equally important, data analyzed by NSF thould highlight sector by sector productivity — disaggregated by
gender and race — as a basis for establishing polici progr Procedures should be put in place to
gather such data systematically, within the context of grant applications and reports, as well as through normal

rescarch mechanisms. Over the long L1erm, these would help lo docussent the effectiveness of reform clons
scross the board and within the different sectors.

A final concern relates lo facilities. The magnitude of the facilities deficit at predominantly undergrad
inslitutions is knowu to us all. If needed relomms are to be made in introductory courses and meaningful research
opportunilics arc to be provided for facully and undergraduate students, our [acilities must accommodate such
reforms and programs. It is hard to imagine how predomirantly undergraduate institutions across the country
are going to tackle fully the pressing (acilities problem without the NSF a¢ & major player. With ils peer
review process exesting quality control — eliminating pock barrel decisions about scademic priorities — and
with the leverage its support can bring as colleges seek funds lor facilities (rom other sources, a facilities
program a1 NSF is entical. The recent NSF prgram for (aciliues modermization (RFQ) was s promising
beginning: we regret thal this program is not included in the current NSF budget request. Of particular value in
the RFO program was the formula distribution of funds between educational sectors. This was a clear signal
that each sector had much 1o contribute 1o the total national effort; this model should be continued as further
NSF programs for fecilities and for major instrumentation are planned.

We urge the NSF 1o take a leadership role on the facilities issue, and join with Congress and the nation's
colieges and universities to d ine how to ba! the infr needs of all sectors of the research and

h-lraining ies. The cument plan 1o provide support for major research ine rumentation rather
than for research and research-training facilities does not address the nced for better balarice in NSF support to
the differcnt sectors of the communily. It would be patticularly helpful if the NSF would establish 2 mulu-year
facilities program linked to course and curriculum develop and the acquisition of instructional
instrumentation. Colleges and universities could then build such sn NSF program into their long-range plans
for faciliuies modemization. A study of the needs of the undergraduate sector fox teaching, research, and
research-training facilities would assist in deseloping the necessary long-range plan.

Finally, let me say that afl of us involved in Projeet Kalcidoscope look forward to working with you
and your colleagues at the National Science Foundation 1o make this nation's science and mathematics
enlerpnse one of the highest quality. Se thank the Nauonal Science Foundation {or the suppon thay
made our work possible Warm regands.

Sircerely,

Danicl F. Sullivan
Chair, Project Kaled Exceunve
President, Allegheny College

Exhibis. A, Initiauves and Recommendations

o 22
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INTTIATIVE L. REFORMING THE
INTRODUCTORY COURSES IN
UNDERGRADUATE SCIENCE
AND MATHEMATICS.

+ Recommendation #1:

The FY 1993 Budget Request
for Instructional Laboratory
Equipment be increased to $33
million, with a continuing (ocus
on intmduclory courses.

# Recommendation #2: The FY
1993 Budget Request for Course
and Curmiculum Development
include an $18 million outlay

for local improvements in intro~
duelory courses st calleges and
universities, in addition to the
outlay for comprehensive programs.
& Recommendation #31 These
programs be housed, along with
their budget authorily, within
USEME, with an sdministrative
structure that addresses the need lo
cootdinate programs and policies
with the research directorales.

The transformation of introductory
courses must be NSy highest
undergraduate priority over the next
five vears. A significant body of
sesearch and our own expenence
confinms that the first year of
~oliere 18 the point of a cnuical
drop-off in numbers of students 1n
saience 2nd mathemalics courses.

Students acquire and confirm
lifelong beliefs and autiludes about
science and mathematics in their
introductory courses. This is where
they make the decision whether or
not 10 major 1n these ficlds, whether
of not 10 lake further courses,
whether of net it is important lo be
literate on science issues. Whea
these courscs are dull, consisting
mainly of lectures and canncd tabs,

when they keep students isolated
and passive, and press on ot
breakneck speed for the sake of
“coverage.” when they are too big
and (aculty members are unwilling
to support each student’s progs

for predominanty undergraduate
inetitutions — has been level
funded (or the past three yean.

We ask you and your colleagues
for

they slam the door on the posilive
allitudes oward science. The inal
fa al experience of leaming
science is ofien one of (tustration
and failure. Courses labeled
introductory lurn out to be terminal.

Our own experience validaies that
the introduetory course can be 8
pump instead of a filter. Introductory
courses can give first-year students
the pleasure of discovery and the
opportunity 10 construct personal
understanding of science and
mathematics & & crilical stage

in their academic career.

The recommended funding levels
pven above are consistent with
those 1n the Neal Repont; they
address the demonstrated interest
at the Jocal level 1o sirengthen
undergraduale programs, and they
establish a more equilable belarce
in NSF support lor research and
educalion programs.

Screral hundred proposals,
requesting over 5200 million,

were submatted 1o \SF for the first
conpetiion of the expanded Course
and Cumculum Program, cxclud-
ing proposals 1n Calculus and
Enginecring. The available funds
through LSEME, for atl disciplines,
was $14 miilion. A similar level of
intercst is evident in the Instructional
Latoratory Improvement (IL1)
program, where each year preposals
reviewed request almost four times
the funds available from NSF. We
arc purticularly concerncd that

the College Seience Improvement
Pagrum (CSIP) — the 111 compoaent

lo ider a new progr
departmental development of lower-
division courses — one that would
include support for instrumentation,
development ime and supplies

for new curiculum, and (aculty
expansion and enrichment
opportunilies. Such a new program
would emphasize again the int2gral
relationship of each of the parts

of the undergraduate academic
experience in science and
mathematics. Moreover, it would
establish & means by which the
experiences and resources of
predominanily undergraduate
institulions can serve as models

for strengthening undergraduate
science and mathemadics.

Ire all of these programs, one
cnlerton 1n detcamining grants
should be the impact that an
award will have on sitracting and
susteining sludent mterest 1n
science and mathemalics. A more
largeted focus on courses for
science literacy forall students
should be announced. perhaps
supported jpintly between the NE,
the Nauonal Endowment for the
Humanuties, and the Fund for the
Improvement of Post-Secondary
Education The means by which
the impact of the proposed projects
would be evaluated and by which
their activilies would be disserm-
nated lo the larger communily
should al1o be a review criterion.

Panallel 10 the recommendations
of adequalc lunding levels and
ded

d

P programs, we
that the NSF establish a budget line
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item for these programs, and hold
1 single office accountable for
eoordinating the distnbution of
grant funds. We recogmize NSFs
current rationale for cross-
directorate programs; however,
funds "targeted” within research
directorates for undergraduate
programs have ofien beoome the
first casually when available funds
for research are not adequate. If
we zre lo move with all delibenaie
speed 1o achicye the cssential
reformation in introduclory courses
at the undergraduale level, there
must be within NSF a strong, highly
visible offiec where these programs
arc initialed. ntegrated end
coordinated. We believe that office
should be CSEME

DNTIATIVEIL SCPPORTING

THE INTEGRATED TEACHER/
SCHOLAR ROLE OF UNDER-
GRADUATE SCIENCE AND
MATHEMATICS FACULTY.

¢ Recommendation 41

The Research Expenences for
Undergraduates {REL) program be
expanded so thal more students
from liberal aus inditutions can
be provided the opportunily lo do
research al Ltheir home 10stitulions
and 1o allow REL Supplemenis o
be used flexibly 1o support student-
facully research in predominanily
undergraduale instituions,
especially for those groups under-
represented 1n science.

® Reeommendation #31 The
programs for undergraduate facully
supporting professional growth,
including research and other
scholarly acuvity, be strengthencd
and broadencd

The hands-on, discovery-based.
laboratory-neh approach we
advocate requirns that 1caching

facully be sctively engaged in
schoinrship. Faculty active 1n
scholarship foster a culture that
enhances the community of
learners; these facully are ofien
the most productive leaders in
curriculum reform and taboratory
improvement cflorts, locatly and
natioaally, Faculty activein
scholarship are the most effective
role models for sudents. and
faculiy-siudent research pariner-
ships hase been shown overand
over (o be a entical pump in the
career pipeline. The disinbution
of revised Important Notice#107,
which requires researchers lo
document the “. . . effectof the
proposed research on the
infrastructure of science and
engincering . . ." was a welcome
step in recognizing that icaching
and cesearch should be integrated
activilies in the nation’s colleges
and universities.

We steongly suppornt the REL
program. However, because of
the level of funding, only a small
fraction of Site awands presently
can be used to support siuden's at
thair own institulions. This has
discouraged significant numbers
of laghly qualified departments at
undergraduate indilutions from
applying. Just as graduale
depaniments use this program to
recruil students 1o atiend their
graduale programs. undergraduaic
depariments should be given the
resources lo use Llus program to
recruil students into science
and o retain them in saience.

It ics, and

Massey Letter
EXHIBIT A

Page 2

The pus research progr

of undergraduate faculty are sup-
ported theough the NSF Rescarch in
Undergraduate [nstitutions

(RUI) program. Maintaining ard
enhancing this valuable program

is entical to the overall effort of
strengthening the undergraduate
academic experience. Given its
distribuled nature, strong oversight
of RUI by a single office must be
reinstituted 1o ensure that the
importance and distinclive
characleristics of undergraduate
research continue 10 be recognized
We further recommend that you and
your colleagues consider a simpler,
sireamlined award sysiem for
small-scale individual grants for
undergraduate faculty. |n addition,
we recommend investigation of &
modified program of stan-up grants
for undergraduate facully, with
criteria similar 1o those within

the current Presidential Young
{nvestigator Program, but at a level
of support more appropaale lo

the nceds and scale of research

of faculty at predominamly
undergraduate institutions

We recommend further that the NSF
establish a faculty development
program Lhat would suppor: faculty
exchanges belween stong under-
graduate instiwlions. fn our studies
we have four.d many successful
teacher scholars inundergraduate
1nstitutions who can serve effec-
tively as mentors and role models
for cotleagues at other und d
institulions. A program of fncullv
cxc.hangcl would provide important

The most successful gndualc
students are 1hose who have a solid
grounding in rescarch techniques

— wha know what scizoce is about.

for joint cumiculum
dcvclopmcnl based on dnmplmarv

a:lvancc:h would :dso:ssm in
the development of partnerslups
werking together toward the

BEST L'y b i
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common goal of sirengthening

the undergraduate experien~c in

wience and mathematics. This

sward would paraliel the current

ROA progam which enables
dergrad faculty bers 1o

do research at major universities.

The [{eal Report recommended
that the NSF spend $17 million

by 1991 for programs focused on
the enrichment of undergraduate
faculty. The 1992 budget request
lor the Undergraduate Faculty
Enrichment program, though
increased over past yean, is $6
million, This is inedequate. We 1ake
400 a3 the base number of science-
active undergraduste instilutions.
[€ the NSF is to have an impeet at
such instilutions acroes the country,
support for (aculty enrichment
programs must be expanded.

INTTIATIYE ITL MAKING
DISCIPLINARY CONTENT

AND ACTIVE LEARNING
CEXTRAL TO THE EDUCATION
OF K-12 TEACHERS OF

SCIENT . AND MATHEMATICS:
¢ Recommendation #6: NSF
priorities for the pre-college sector
include encouraging colleges 1o
redirect the structure and content of
thesr teacher prepantion programs
to focus more direcily on science
and mathemalics — utilizirg an
active, inve ' pative, hands-on,
enntent-bas . approach.

¢ Rceommendation #7: NSF
support & wiZer range of pre.

and in-service activitics for

K-12 teachers, making use of

the resources of alf colleges with
strong undergraduate programs in
science and mathematics.

The single mast important deter-
minant of whal elementacy and
secondary students leam in science
and mathematics is how much their
teachers know. Tescher preparation
must include substantial, deep
exposyre (o the content of subjects
they will eventually teach. Teachers
for the nation's K-12 community
musi have pre-service and in-
service involvement with a hands-
on, !aboentory-rich, active [eaming
experience with science and
mathematics. This must be the

way they are prepared in their
undergraduate courses. another
reason why NSF's first under-
graduste priofity must be reform

of introduclory courses.

In setting NSF priocities for K-12
Programs, we urge you o recognize
that undergraduate colleges,
paticularly those i the Camegie
Liberal Ants I classification,
graduate high percentages of their
students with majors in science and
mathematics. These colleges. whose
facully are committed 10 the hands-
on approach 1o |earning, are natural
sources of a substantially increased
stream of properly educated science
and mathematics leschers. These

leges are also excellent rescurces
for the development of new matenals
for science and mathematucs at the
pre-collcgate tevel.

A large oumber of the calleges for
whom we speak have entered inlo
formal and informal pantnerships
with schouls, brnging teachens 10
campus as research associales,

and providing oppoctunities for
teachers lo gain new understanding
abogi disciplinary sdvances and
pedagogical spproaches. It is clear
feom Wlse workshops at tlie Project
Kalendoscope National Colloquium,
that the polcntial is great foe

effective collabomtion in facully/
teacher development opportunilics
and in the design of new materials
foc the elementary and secordary
levels. These cooperative opportu-
nities should be expanded,
including their incorporation into
REU projects, and expanding the
ROA program to include X-12
teachers. We see education as a
“seamless web,” and the undergrad-
uste secior 88 a key strand in the web,

DITIATIVELY. DEVELOPING
PARTNERSHIPS FOCUSED

ON STRENGTHENINC
CNDERGRADUATE SCIENCE
AND MATHEMATICS

¢ Reeommendation #8¢ The
NSF provide opportunities for
regular national and regional
colloquia to discuss what works

in undergraduate seience and
mathematics education.

¢ Recommendation #9; NSF
guidelines outline specific eriteria
relating to partnerships between
schools and colleges. colleges 2ad
universties, and colleges and the
pnvate sector, focusing on faculty
and curriculum development
activitics, evaluation and
dissemination

¢ Reecommendation #10,
Discussions about the proposed
super computer highway inciude
linking undergraduate science cnd
mathematics jacully so that they
can communicate regulardy about
research and teaching interests and
have access to regonal and national
comguting centces. Pre-college
teachers of scienice and mathe-
matics also should be linked 10
this highway.




ltis clear that each sector of
I-be . M + H

tional enterprise. The Projecs

education comsaunily hes & unique
contribution to make in addreasing
national yoals; it ia equally clear
that we can sccomplish mvore by
working together then by working
separstely. The NSF has the ability
1o develop and sustain such
working partnerships on a nalional
basis, and Lo model within its ovm
structune how such partnerships can
be developed and sustained.

The success of many of the current
neiworks, suppoﬂed by the disci-
plmuy o:ymnhom. educational
private foundati
and corporations, demcnstrates that
there aze significant ntrmbens of
persois who are resdy and prepercd
1o work logether Lo strengthen the
nation'a scientific and educa-

Kaleidoecope National Colloguium
was anciher strong demonstration
that there is & prowing ratiotal
consensus about what works i
science and mathematics and &
commilment (o gt on with the task
of impraring the programs for which
we sre responsible. We recommend
that the model of the Project
Kaleidoscope Nationa! Collog

segments of the educational

oommunity. These nciworks should

have at their center those colleges

and universities thal have

demonstrated productivity in under-
4 H M N H

As one example, with support (rom
the Kellogg Foundation, there was [
large rep ion at the Nati

banging ogether instituional
teams — including presidents,
deany, faculty members and
development officers — be
considered in the planning of
funther colloquis.

Level of NSF funding is not the only
way to ideaify strong prograns. The
networks (o be developed should
include representatives from all

Tables: Federal Support

Colloquium (rom the Historically
Black Cr'leges and Universities.
Their contribution during the
colloquium was significet; equally
significant, we hope. are the
connections that were made for
cooperative efforts in the coming
months and yzars.

Tobie 1, FCCSET Commilier o Educatios and Homan Resvarces FY 1992 Ledqzt Wakiix (dallas it s/
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SUDCET
AFQUEST

EDUCATION LEVEL
MAJOR PROCRAM ARZAS

ACENCY
DOD poC

UNDERCRADLATE.
FORMAL S INFORMAL _ . ... I00O%
Progrem Erdusten Aseument --.- 100 0%

FOUR-YEAR. FORMALTOTAL —.
Faruity Presarstiea/E.
Comautme Denlqn-,T.i

100 0%
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Toble 2. FV 1908, 1989, and 1999 Acioal Expuaiiios, 1991 Carvat Mas s I5F Bndenyindonie Prognant fdaliy s Sommnd)

Instnamasation

& Labocatery
Impearqment (ILI)
Undergrashunia
Curnaniom & Course
Owrelepment (UCC)
Usbergradusts
Feaulky
Eahasssnen (UFE)
Resairch Coroars |
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Mr. Woure. I would like to begin with a general question, to all
the panelists. If I understand the thrust of your testimony, and
even the implied thrust of the Project Kaleidoscope testimony,
there are really two keys to the success that liberal arts undergrad-
uate institutions have enjoyed in this area. One is the emphasis
upon teaching, upon a self-conscious focus on how best to teach.
But the second is the integration of hands-on research opportuni-
ties for both faculty and students, the integration of that with the
teaching process itself.

There has been a national debate that has gotten some visibility
in recent months about what is happening at other institutions
across this country, and recognition that somehow there has been
such a preoccupation with the research dimension of higher educa-
tion that the teaching mission appears to have been greatly sacri-
ficed, at least at many larger institutions.

I would be interested in whatever thoughts you gentlemen might
have as to means, institutionally, of providing a different set of in-
centives, to begin to get greater balance into the teaching-research
mix that takes place, and ways in which Federal program activity
might help in restoring that kind of balance.

Dr. Sullivan?

Dr. SuLLivaN. Let me try to answer a very good and complicated
question. One is tempted sometimes to be glib in a response, but it
is a complicated question.

The best answer I would give about what we need to do and what
might be done, especially in the large universities, reallv came
from the provost of MIT at a meeting that David Sanchez calied
not long ago, of a number of presidential colleagues of large univer-
sities, who I think have a special problem in this area, and believe
that there aren’t any solutions that would get them from where
they are now to the kind of teaching that we specialize in, even at
the introductory level.

I want to stress that our first recommendation that has been
touched on by a number of us is really reform and reformulation of
the introductory courses. That’s where we lose about 40 percent of
the able and well-prepared students who go to college who plan on
doing something significant in science and mathematics.

We lose them there because the introductory courses tend to be
large, they tend to be passive, they tend not to involve this kind of
investigative learning, and they tend typically, although not exclu-
sivi-ly, to be located in the larger universities there this is this spe-
cial problem of teaching and research in competition.

Mark Wrighton said at that meeting, after a number of presi-
dents had lamented that the inertia and difficulty and financial re-
quirements from NSF, tens of millions of dollars would need to be
poured into each institution to allow them to change this incentive
structure, he said:

I am puzzled, because each year we get something which comes to us, that we
have complete freedom to decide how to gpend. It's called tuition.

At MIT tuition is fairly high, and as provost I get to sit down and talk with my
colleagues about how to spend it. We have the freedom as an institution to change
the way we prioritize our expenditures in teaching and research, and it's not easy.

He certainly recognizes the difficulty. But I think that is what
it's going to take: commitment on the part of all of us to imagine
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that the outcomes and the structure and process could be different.
I think it can. I think it’s really a matter of choice and priorities
within institutions, in the context of significant NSF and other
leadership in the wider society.

My colleagues may have a different answer, but that’s one point
I would make. .

Dr. DoyLEe. I really think the problem that we have, at least pub-
licly,! about the conflict between research and teaching is virtually
reversed in predominantly undergraduate institutions. A person
who is a faculty member for an administration which operates a
predominantly undergraduate institution does so 2 with the aspect
that teaching is the first priority of all its constituencies.

In fact, research has always been and continues to be in most in-
stitutions something that is done ad hoc, beyond the normal oper-
ations of the faculty member.

Our problem at predominantly undergraduate institutions is get-
ting the attention and support that allows that to be integrated
within our course structure and within the educational experience
of the students that are involved.

As a result of that, of course, those institutions that have prac-
ticed it (undergraduate research) have been very successful in pro-
moting careers for their students in science. Those that have not,
in studies that I have performed, that have not been as effective,3
also were not as effective in actually promoting their students to
careers in science.

What the National Science Foundation can do, of course, is to
allow programs that are already underway and growth in* new
programs to make it possible for faculty who are working with
higher teaching loads, significantly higher teaching loads, and with
more constrained resources, to undertake this research experience,
to give them a chance, to put it down 3 as an experience that
should happen if the ideas are good, not if the productivity is sub-
stantial.

Consequently, I think our national discussion on research versus
teaching might be placed in a different context when one is refer-
ring to these institutions.

Dr. LiGHT. You asked what is the key to the success of these in-
stitutions, and I think it can be summarized in basically one
phrase, and that is that the teaching involves an apprenticeship
from training which is much different from a large lecture and a
canned lab. Gne colleague who is a scientist explained this to me
by saying he made sure that his students had the opportunity to
fail. Once they have failed with a hypothesis, they understand
what science is. That does not happen in a big lab where the re-
sults are predetermined.

What can be done to encourage this in places where it is not
taking place? What can be an incentive? That was the other part of
your question. Well, as I look at the vast majority of programs

! Dr. Doyle changes his statement to read ‘I reaily think the problem to which you refer,
sbout the conflict. . .”

* Dr. Doyle changes the word “s0’’ to “research.”

3 Dr. Doyle deletes the words “that have not been ae effective.”

¢ Dr. Doyle deletes the worda “growth in.”

* Dr. Doyle rephrases “put it down" to “‘understand it.”
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which offer rewards in terms of grants, support and recognition
across the country, they are targeted towards research, they are
not targeted towards research plus teaching or teaching plus re-
search. And they don’t take account of, recognize or reward the
people like these two gentlemen at the ends of the table who are
doing this frequently, all the time, with their students.

That really is where we need some help from the Federal Gov-
ernment. By reward, let me say I don’t mean only the grants which
would go to them and give them a level playing field in which to
play, although that is terribly important. I also mean such things
as the facilities and equipment with which they work, because they
are condemned too frequentl;y to working with equipment which is
out of date, because they can’t afford more.

Those are the things I think would be most helpful.

Mr. Worpe. Okay. Dr. Swartz?

Dr. Swartz. Three years ago, at a Council on Undergraduate Re-
search meeting, the then-director of the National Science Founda-
tion cautioned us to not try to emulate the research universities. I
want this committee to understand clearly that we understand
that.

The situation in the setting of the predominantly undergraduate
institutions is that research is done with undergraduate students,
and research brings us closer to the students, it doesn't draw us
away from the undergraduate students as is the typical case at a
research university.

Mr. WoLPE. So in a sense, even in terms of grant allocation by
the Federal Government, greater emphasis on precisely the kinds
of research that are done in conjunction with undergraduate educa-
tion, where you have been doing them independently, would be
helpful.

Dr. Swartz. Right.

Mr. WoLre. I should say, in my own institutions, I did college
and then MIT, I have had a bit of both, but in both instances as a
political scientist, not as a hard scientist, as they would say.

Dr. Sullivan, in your testimony and in a letter from Project Ka-
leidoscope to Dr. Massey, you emphasized the need for strong over-
sight of the Research in Undergraduate Institutions program.
What does the Research in Undergraduate Institutions pregram do,
why is oversight of this program so important?

Dr. SurLivaN. What it does, what it attempts to support, is pre-
cisely what these gentlemen have been talking about. When re-
search in RUI is supported in our institutions, it is research by a
faculty member which always involves studeats as collaborators,
and it is in a sense the upper level epitome of the kind of investiga-
tive teaching that we attempt to bring into the whole curriculum.

Tw.~ oversight—I would use a different word now than oversight.
I think our concern is that in RUI, which is a targeted program as
opposed to a budgeted program, in which one has to—a faculty
member at a college like ours—has to rclate to the research pro-
gram director in a particular area. There are a lot of those re-
search program directors.

And the RUI program—one of its most significant, perhaps the
most significant purpose, I believe, is the support of this kind of re-
search and education enterprise combined. It's really a question of
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where the emphasis is going to be and where the educational com-
ponent is going to receive its leadership, support and commitment.

We believe that can happen best when it is coordinafed in a
single place, where institutions like ours can relate to it in a single
way. And in fact, if the money were budgeted as opposed to target-
ed so that it is there, it is accountable, and as things change over
the course of a year, it can’t be reallocated to other purposes with-
out visible discussion and review.

I know the other side of it, because I have talked to people at the
assistant director level in the NSF, that the research directors are
concerned, they are terribly interested in science education, they
are involved in a coordinating committee effort to make sure the
educational components of their programs are given appropriate at-
tention. .

But we still believe, nonetheless, that this .critically important,
perhaps the most central, one of the most central, kinds of support
NSF provides science education would be done more effectively and
in a more enabling way if it were handled in a single office.

Mr. WoLPE. So you are concerned, then, about the distribution of
the program among the different research directorates?

Dr. SuLLivaN. That'’s right. It tends to disappear and, because it
doesn’t have a single focus, our concern is that it may lose visibili-
ty, as Dr. Doyle has implied, that faculty at our institations, be-
cause it is dispursed throughout the Foundation, may not have
easy enough access to it, and that financial support of the most
critical kind to our institutions and to our students is then less and
the things NSF really wants to do, and we think that you want to
do with your money, are made less easy.

Mr. WoLrE. Dr. Doyle? _

Dr. DoyiLE. I would like to clarify. There is an up side and a down
side to budgeting formula. When RUI was first introduced as a tar-
geted program, it was sensed that it was a $3 million program. The
first year, almost $6 million was expended on that program be-
cause it was targeted, and the research directorates actually went
beyond that target. That has continued for every year up until a
couple of years ago when, in fact, proposal pressure and an inter-
est, in my perception, decreased, and now targets are not met from
the sense of the division.®

The other problem that exists without having a coordinating ac-
tivity—that in its initial years Joe Danek from the National Sci-
ence Foundation that you mentioned earlier, was primarily respon-
sible.” There are problems in coordination that result in reviews
that one does not know what impact they have on final decisions.

For example, one of the reviews of - 1 RUI proposal stated—two
of the three reviewers of this particular proposal said that they
rated this person down, decreased the rating, because that person
was at a small school and that person’s project was too good for the
institution. Those are inappropriate comments that, vne would like
to have a sense, that those 8 would be actually removed from any
congideration.

8 Dr. Doyle changes "from the sense of the division” to “in all of the Research Divisions.”
7 Dr. Doyle adds the words “for coordination’ after the word “responsible.”
¢ Dr. Doyle deletes the words “'that those.”
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Other comments were made. One reviewer said to this individ-
ual, “Give no funding to it because it does not contain graduate
students.” Now, coordinating activity on this program would give
at least the outside community a sense that such comments would
be considered inapplicable and would actually be dismissed. There
would be somebody actually watching that.

Mr. WoLpE. A clearer sense of the mission, if there was a central
focus?

Dr. Dovik. That's right.

Dr. LicHT. A question of incentives was raised a while ago. Part
of what's missing here is an incentive for a person or group within
NSF to take accountability for undergraduate science teaching.
That isn’t really a critical mission, and that’s why this kind of
thing happens, that’s why this kind of peer review takes place.

Mr. NacLE. Let me pick up on that and ask you this. Is NSF,
assuming we made the funding recommendations that are called
for, is NSF ready to .mplement those programs, in your judgment?

Dr. Licut. I wouldn’t be able to say. Earlier I gave a contrast be-
tween the Department of Education International Division and my
own personal experience with NSF and related agencies and there
really is a difference between the two branches of the Government
in terms of a couple of individuals in the Department of Education
International Division who took on as a personal matter for which
they would be accountable the teaching of foreign languages. And
they have made a huge difference in the past 10 years. That kind
of mission sense is the kind of thing that is missing.

Mr. NaGLE. Let me ask the panel that question.

Dr. SuLnivan. 1 would answer unequivocally yes. There is com-
mitment, there is vision within the NSF area. There is a strong—
and I think growing stronger—education and human resources di-
rectorate. The programs we need are largely in place, and I think
these criticisms—and I would share Mike Doyle's concern about
that-—are really corrective to something that is essentially struc-
tured in a way which we think is beneficial.

Mr. NaGLE. I am loathe to give hypothetical questions to a group
of scientists, because I am in over my head, but——

Dr. SuLLivaN. I'm a social scientist.

Mr. NacLE. You're okay. [Laughter.]

You're all right. You and I can talk, okay? The rest of you, just
don’t listen to this.

But we are talking about an agency here where we have seen a
significant lack in initiative, a decline in the budget, a decline in
advocacy for budgetary outlays from 1968 to the present. It's kind
of a treadmill path. I would have to say that the history of the NSF
advocacy for these types of things we're talking about historically
has ?not been there. What leads you to believe they will be there
now?

Dr. Suruivan. I think it has been the Project Kaleidoscope expe-
rience itself. The NSF brought us into being, brought us together,
asked us to raise these questions pretty basically. Again, I am not
an apologist for the NSF, that's not my role. But I have meant to
suggest that a great many of our faculty and presidents of colleges
like ours feel a very sympathetic resonance with Dr. Massey’s ap-
pointment, with Dr. Williams' appointment, and existing staff
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there. Yet there are some difficulties we are addressing that we be-
lieve need attention.

Myr. NacGLE. Pursuing that just for a second—then I want to hear
everybody’s comments on it—how in the world did we get into the
boat we're in?

Dr. SurLivan. I think one just looks back to the history you were
referring to, in 1981 or 1982, we zeroed out undergraduate funding,
and this committee, and other members of Congress helped to get
it back. But people have changed. And there are—I am suggesting
that we find significant resonance and reinforcement there as well
as some resistance. We think all our ideas are exactly right, of
course.

Dr. DoyLe. I would like to point out to the committee that in
fact, the programs that have been vital and essential to the devel-
opment of that community of ® research active environment for un-
dergraduate students came out of the programs that were initiated
through the NSF in the mid 1980s. What has not happened since
that time is a review that allows a change in the direction of the
program, and enhancement of the program, and redefinition that
would revitalize these activities.

There are constraints within the National Science Foundation.
In fact, within the first year after the introduction of these new
programs the then-director of the Foundation, when a group met
with him on the program, asked “How long do these programs
have to exist? Isn’t this something that we actually deal with on a
temporary basis? Isn’t this just the feeding through of something
that is temporary?”’

What I think the sense of 1° this committee, and certainly of
Project Kaleidoscope, has had is that there is and must ke an ongo-
ing commitment to the understanding that there is a different op-
eration here.

Mr. NagLk. I get the feeling in talking with them about under-
graduate research, and even primary and secondary educational re-
search, that they still perceive their role as one of a stimulus. They
start their project and then they move on, they start a project and
move on, and there is no continuum to the programs, nor is there
any review to the program for the enhancement of it. Dr. Light,
you gre nodding your head. Do you concur?

Dr. Licurt. Yes, I do concur, because that has been too frequently
the case. I am not in any sense in my dissent denigrating the fine
work of the individuals in the agency. However, my sense is that
we wouldn’t be facing the difficulties in funding undergraduate sci-
ence in the private sector, which as we have already demonstrated
is a source of a disproportionate number of our future scientists, if
in fact there was a steadier level of funding for the most expensive
parts of doing science.

And that’s the problem. The most expensive parts of doing sci-
ence do not have a steady form of funding.

Mr. WoLpk. Carrying that further, if I may, may not the problem
that has been characterized here, of the lack of sufficient focus to
build upon a commitment that has been expressed in earlier years,

* Dr. Doyle deletes the words ‘“community of."”
10 Dr. Loyle changes the word “of”’ to “that.”
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going to be compounded by the recent decision to scatter, essential-
ly, the RUI program among the different research directorates,
rather than maintain a centralized administrative direction? Dr.
Sullivan, you phrase it more delicately than I just did, but isn’t
that the concern you are raising?

Dr. Surnivan. True.

Mr. Nagte. If that's the case, let me go back to my first question,
which was, is NSF ready to go assuming a given funding level,
when in fact the most recent history is one of scattering, as my col-
league has suggested?

Dr. Suruivan. I [NSF] will have to answer later.

Dr. Swartz. I think particularly in the undergraduate office of
the National Science Foundation, we have had an auspicious start.
That is a relatively recently founded organization, and there are
some excellent programs there. The Instruments and Laboratory
Improvement program is an excellent program.

The Course and Curriculum program, which was just founded
this year,!! just reviewing its first round of proposals, is a good
program. The Undergraduate Faculty Enhancement Program—
those programs only affect a very small number of individuals, and
the problem is bigger than that.

Mr. NagLe. Will it be sustained? Will it be reviewed? Will it be
e}rllhanced? Based on history, we would have to say no, and
that's——

Dr. DoviLe. No, I think that’s the wrong conclusion. The driving
force for programs that have been associated with the research
community such as the Research in Undergraduate Institutions
and the Research Experiences for Undergraduates, have been oper-
ated generally very well. The data that we have say overall one
gives positive marks to the operation of this. There is dissension.
There are examples of horror stories, however,*? but they repre-
sent the exception to the general rule.

In general, the research directorates of the National Science
Foundation have paid attention to thes= programs, have supported
these programs. What is lacking from them oftentimes is that over-
sight that does not allow the exceptions to exist with the frequency
they are beginning to exist.

Mr. Worpe. With that, I am going to ask that we recess at that

point, so that Mr. Nagle and I may cast our votes. We will return
shortly.

(Recess.]

Mr. Worpe. The hearing will resume at this point. Mr. Nagle, I
believe you have a question.

Mr. NagrLe. Dr. Swartz, one thing that kind of perked my inter-
est in your written statement, you indicate that the establishment
of the right type of curricular development programs will be criti-
cal to their success. I wonder if you would amplify on that, exactly
what you mean.

Dr. Swarrz, Yes, I would like to make a few comments there.
Really what I am going to do is amplify a comment that President
Sullivan made earlier. I think the style of curricular innovation or

11 Dr. Swartz adds the words “and is"” just . . ..
12 Dr. Doyle deletes the word "however.”
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reform programs that NSF establishes will be critical to their suc-
cess. As the NSF expands its programs which attempt to reform
science curricula, the design of those programs will be critical.

It is often tempting to single out a few select, highly visible insti-
tutions, fund them at high levels, and expect them to devise excel-
lent curricula that everyone would adopt. To do that would be to
repeat the mistakes of centrally planned economies. That is to say,
that you have such good ideas that all should adopt them.

The problems here are manifest. First, it assumes that there are
several curricular models which will work everywhere. There is ab-
solutely no evidence that that is the case. Faculty do their best
teaching and students do their best learning when they have in-
vested themselves. Just as in economic development, the most suc-
cessful work comes out of an entrepreneurial spirit, when many in-
dividuals have an opportunity to try their own ideas.

Some of those ideas will be outstanding, noticed by others and
emulated. But the key to excellence is to promote individual ef-
forts. If we adopt the centrally planned economy approach, we
doom ourselves to the degree of success which we now see results
from that approach.

So what we need to be doing is funding a large nuiiber of small
projects, rather than focusing in on a very few very large projects.

Mr. NaGLE. You want the diversity, in other words?

Dr. SwarTz. I think it is absolutely essential, diversity and stim-
ulating the entrepreneurial spirit.

Mr. NAGLE. I was supposed to say nice things about you Jim, but
your testimony speaks for itself. I forgive the fact that you are not
a social scientist. But you do an outstanding job at Grinnell Col-
lege, and you are a source of advice and counsel for me.

I reviewed carefully your statement before I came this morning,
and obviously you are well prepared, as were the rest of the panel.
It is a pleasure to welcome a constituent to the committee, and I
thank you for your insight and observations.

Dr. Swartz. Thank you.

Mr. WoLpe. Thank you very much, Congressman Nagle. I have
one last question. Dr. Swartz, you stated in your testimony that the
Instrumentation and Laboratory Improvement program with the
NSF has a requirement for 50 percent matching funds, that is,
money the school must provide from non-Federal sources. You rec-
ommended this requirement be decreased to 35 percent. Do you
think this would allow more schools to participate who are now
unable to provide the 50 percent matching funds? What impact do
you believe that change would have?

Dr. SwarTz. We have a situation now where many of our institu-
tions, similar to my own, even the most wealthy institutions, are in
fact rationing the number of proposals that can be submitted from
the institution, because of this required 50 percent match. Institu-
§ion; do not feel they have the resources to provide matching
tunds.

The problem this generates is that the National Science Founda-
tion is then not necessariiy seeing the best ideas. They are only
seeing a preselection of ideas. If we could decrease the matching re-
quirements—and this problem is particularly acute in less wealthy

"
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institut{;’ions, for instance, the historically black colleges and univer-
gities.!

So I think if we could decrease the matching fund requirements
somewhat in the program, that would attract a broader array of
proposals and allow the peer review process of the National Sci-
ence Foundation to really select the best programs for funding.

Mr. Worpk. Great. I want to join in Congressman Nagle’s expres-
sion of appreciation to all of you for some truly excellent testimo-
ny, both written and verbal. We hope that some of what you have
to offer, and the Project Kaleidoscope recommendations, will be
heeded by NSF and they will be able to move forward more aggres-
sively and with greater focus in the weeks and months ahead.

Thank you all very much.

[Inserts of Luther College and Loras College follow:]

13 Dr. Swartz adds the words “that would be an improveinent.”
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July 8, 1991

Representative Dave Nagle

Third District Iowa

214 Cannon House Office Building
washington, D.C. 20515

Dear Representative Nagle:

I understand that the House Subcomaittee on Investigations
and Oversight is conducting a hearing on "Traditional and
Non-traditional Sources of Future Research Scientists." You
are well aware of the role that small liberal arxts colleges
play in training scientists, including the fact that we
graduate science majors at a much higher level than the
national average and our students earn Ph.D.s wmore
consistently than do graduates of any other kind of
institution.

In order to allow small liberal arts colleges to continue to
produce future scientists, several things are necessary.
First, strong well-prepared science faculty must be
exployed. Support from NSF for start-up costs for new
faculty positions, support for research programs, and
support for laboratories and equipment are ways that federal
dollars can augment the resources of swmall liberal arts
schools. Second, because atternding srall liberal arts
colleges can be more costly to families than attendance at
state schools or junior colleges, continuing a strong
program of federal grants and loans for capable students who
wish to attend liberal arts schools will continue to support
students wvho wish to pursue careers in science.

I appreciate your support for science education and we will
be pleased to respond if there are other ways we can serve
you. .

Sincerely,

\\__)C¥~L \-Jcaha¢~LcL,

Jane Jakoubek
Associate Dean of the College

JJI:3g

DEAN OF THE COLLEGE
LUTHER COLLEGE DECORAH. IOWA 52101-1045 /319/387-1005
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DEPARTMENT OF CHEMISTRY: 1450 ALTA VISTA: DUBUQUE, IOWA 52004-0178 4

July 4, 1991
Dear Representative Nagle,

Here are my thoughts on *Traditional and Nontraditional Sources of Future Research
Scientists” for the House Subcommittee on Investigations and Oversight. | am pleased
and honored to contribute.

Our experience at Loras Cellege shows that two NSF programs have had significant
positive effects on the training of future research scientists. These are the REU
program and the Research Opportunity Award Program.

Wae have had several students participate in REU programs at liberal arts colleges and
at larger research oriented universities. These experlences have been very good -
ones for the students and have encouraged them to consider research careers more
realistically and more favorably. These students have communicated thelr enthusiasm
- to their peers upon their return to Loras and this has stimulated interest In research in
all our chemistry students. | would also mention the DOE program for research at
Argonne National Lab and other DOE labs which has had simllar positive effects on
Loras students. | strongly encourage continued support of this program.

We have placed both sophoniores and juniors in REU programs with success. |
believe it will be difficult, in chemistry at least, to create valid independent research
summer programs for freshman level students. Independent research can be very
frustrating for a student who is still learning basic laboratory technique, and this
frustration can discourage those we hope to encourage. Perhaps a more structured
program can be created for college freshman and upper level high school students
that still exposes them to the excitement of research.

Dr. Joe Schaeter (physics and engineering) and | received NSF Research Opportunity
Awards to conduct research at th Unlversity of lowa and at the University of Wisconsin
during the summers. In both cases the awards have led to continuing research
collaborations, and revitalized research efforts here at Loras. In addition the
opportunity to do state-of-the-art research has Improved our abillty to teach modern
techniques and helps us serve as better role models to our students, and our
colleagues. A third faculty member, Dr. Carl Binz (chemistry) has received a similar
award through the Argonne National Lab. Both the NSF ROA program and the
Argonne program have had a very big impact at Loras and deserve continued support.

Chalrman « V.P. Academ!c Altalry
David Speckhard Carl Binz Kennsth Kraus Edward W Y David O » Robart Reuland
319) 588-7133 (319)549-7012  (319)548-7107 {3189)588-7041 (319)580-7259 (319)588:7040 "2

A.
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The revitallzed resaarch at Loras requires continulng support so that undergraduates
can participate directly. This Is the role of the NSF RUI program. Unfortunately we
have no direct experience with this program but | encourage lte continued support.
The U.S. needs s program that increases the contributlon undergraduate colleges
makein tralning future scientists. The program must a’so understand the time and
manpower difficulties that we who conduct research wih undergraduates face, and
the minimal support we can expect from college administrations unfamiliar with the
federal graming agencies. The Research Corporation is a good model for & program
in this area. Brian Andreen and the Research Corporation board understand the
problems we face and do en excellent job supporting undergraduate research. Some
of the funds tha Research Corporation distribute come from private corporations. |
encourage the Congress to maintain and to increase the Incentlves for private
corporations to support research at undérgraduate institutions either directly or
through organizations Ilke Research Corporation.

Training future research scientlsts requires more money for equipment and laboratory
supplies than many other academic research projects. Research with undergraduates
requires significant amounts of faculty time. These factors combine to make it difficult
for private colleges to maintaln high quality programs and reasnnable tuition. We
need help through instrumentation grant programs and direct stucent assistance. The
NSF already has instrumentation programs which need continued support. NSF and
various private organizations have direct support for graduate students who choose
science careers. |belleve we need direct support at the undergraduate level for
students who choose to study to become research sclantists. This program could
incorporate incentives for women and minoritles, as the NSF graduate programs do.
The increased cost of high quality programs at small colleges has traditlonally been
offset by private donations. Congress must continue and enhance the incentives for
individuals and corporations to support @ducatlon.

1t | can be of any further assistance please contact me.

Sincerely,

Dr. David Speckhard
Professor and Chairman of Chemistry
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Mr. Worpk. I would like to now invite our second panel of wit-
nesses to come forward. In our second panel, we will be looking at
nontraditional sources of science students, those groups that are
underrepresented in science. We will hear about the Project Kalei-
doscope findings and recommendations on this subject. We also
want to learn about how to encourage and enable more African-
Americans, Hispanics, Native Americans and women to pursue sci-
ence at the undergraduate level.

We would like to find out how certain schools, such as the his-
torically Black universities and women’s colleges, are able to be so
effective in graduating such a high percentage of outstanding
women and minority students in science.

For example, 40 percent of African-Americans who receive bac-
calaureate degrees in science earn their degrees at historically
Black universities and colleges. And as we did in the previous
panel, we want to examine ways in which the approach of the suc-
cessful schools and programs can be adopted at other institutions.

Our first witness will be Dr. Thomas Cole, President ¢f Clark
Atlanta University in Atlanta, Georgia. Dr. Cole served as a
member of the Project Kaleidoscope executive committee. He will
be followed by Dr. Gerald Stokes, who is a Professor of Microbiolo-
gy at George Washington University. He will be speaking to us
today as the Chairman of the Committee on the Status of Minority
Microbiologists of the American Society of Microbiology.

Next will be Dr. Maggie O'Brien, a biochemist who has very re-
cently begun her tenure as President of Hollins College, a women’s
college in Roanoke, Virginia. Our final witness on the second panel
is Dr. James Gentile, Dean of Natural Sciences and Professor of Bi-
ology, at Hope College in Holland, Michigan. Dr. Gentile also
served on the Project Kaleidoscope executive committee.

I would like to first ask if any of our witnesses object to being
sworn in. If not, would you all please stand.

[Witnesses sworn.]

Mr. Worpk. I would also like to remind the witnesses of our five-
minute time constraint. Of course, your written testimony will be
entered into the record in its entirety. I should also indicate that in
a few minutes I will be called away for a short period of time and
Congressman Nagle will be assuming the chair, so we will continue
without interruption.

With that, let me invite our first witness on this panel, Dr.
Thomas Cole.

TESTIMONY OF THOMAS COLE, JR., PH.D., PRESIDENT, CLARK
ATLANTA UNIVERSITY, ATLANTA, GA

Dr. CoLk. Thank you very much, Mr. Chairman, for the opportu-
nity to appear before this subcommittee. I appear after having
spent 25 years as a research chemist, a member of the faculty of an
historically Black college and University and the faculty of a major

research university. I am now President of Clark Atlanta Universi-
ty

Clark Atlanta is a new, comprehensive, historically Black univer-
sity created three years ago from the consolidation of Clark College
and Atlanta University, each of which was more than 120 years
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old. We are now one of only two historically Black private compre-
hensive universities in the country, offering a program from the
freshman year to the doctorate.

In your opening remarks, you set the tone which was included in
my introductory remarks, and I won’t repeat that, except to say
that when you talk about the deficits in science and engineering
education, for minorities and women, the numbers are much worse.
The Project Kaleidoscope report to which you refer, along with
many other studies, makes the point very clear.

Women and minorities can succeed in great numbers in science
and mathematics. This success is greatest in settings in which the
environments or caring and nurturing that provide research oppor-
tunities in close collaboration with faculty who are concerned that
students succeed.

The data are clear in this regard at private liberal arts college,
both coeducational and single sex. These institutions have been es-
pecially productive in educating a higher percentage of women sci-
ence graduates than any other non-specialized category of institu-
tions. The record of historically Black colleges and universities, as
you indicated, in the education of African-American scientists,
have been especially impressive.

In the mathematical and physical sciences, 45 percent of the
1987-1988 bachelor’s degrees that were awarded to African-Ameri-
cans were earned by graduates at HBCUs where less than 20 per-
cent of Black undergraduates are enrolled. A number of historical-
ly Black colleges and universities are among the most productive of
all institutions in the percentage of their graduates with degrees
_who go on to receive Ph.D. degrees in the sciences and mathemat-
ics.

And a greater proportion of Hispanic graduates receive their un-
dergraduate education in Puerto Rican colleges and universities
and predominantly Hispanic institutions in the Southwest and
other regions of the country with large Hispanic populations.

The tragedy, Mr. Chairman and members of the committee, is
the non-participation of the vast majority of America’s colleges and
universities in the preparation of minority science and mathema:-
ics majors.

Nearly all U.S. -olleges and universities have African-American
and Hispanic students, but in 1986 and 1987, fewer than 100 col-
leges had more than two Blacks mathematics baccalaureate gradu-
ates. Fewer than 90 had more than two Black graduates. Only 33
had more than two Hispanic mathematics graduates. Only 49 had
more than two Hispanic physical science graduates. And only 133
had more than two Hispanic life science graduates.

In 1988 and 1989 the U.S. Office of Education reports that of the
154,000 baccalaureate degrees awarded in the science and engineer-
ing fields by all American colleges and universities, just over
11,000, or 7 percent, were received by African-Americans, Hispanics
and other minorities. If it were not for historically Black colleges and
universities and predominantly minority institutions, the figures
would be far worse.

At the doctorate level, the statistics are even more disturbing. In
1988 and 1989, there were 12,800 Ph.D.s awarded in the natural sci-
ences and engineering. African-Americans earned 128. Hispanics
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earned 151. For African-Americans, this represented a decrease,
both in absolute numbers as well as percentage from the statistics
of 10 years earlier.

The point I want tc make in citing these statistics is to suggest to
you that this performance by America’s colleges and universities is
nothing short of a national disgrace. That is one of the factors that
motivated the trustees of Atlanta University and Clark College
three years ago to create Clark Atlanta University as a comprehen-
sive, private university, to fill a void in American higher education,
to give African-Americans another opt.on to pursue their bache-
lors, masters and doctorate degrees.

It has been demonstrated rather dramatically at many of the Na-
tion’s liberal arts colleges and at the institutions to which I refer
that these are institutions with proven track records of success. A
major part of the solution to the problem of the underrepresenta-
tion of women and minorities can be solved if we put the resources
at institutions that will yield the largest return on the investment.

I am pleased to tell you that the National Science Foundation
and other Federal agencies are increasingly recognizing this as an
important strategy. There are programs at NSF, for example, that
focus on HBCUs, and on minority institutions, and on increasing
the representation of women and mirorities and persons with dis-
abilities in science. But the budgets for these programs are modest
in comparison with the overall science, mathematics and engineer-
ing budgets, and they should be increased substantially if they are
to make the dramatic, numerical impact that is needed.

We have to put the resources where the students are, Mr. Chair-
man, and at those institutions that have a demonstrated track
record in the production of minority and women scientists. That
means at the Nation's liberal arts colleges and women’s colleges
and historically Black colleges and universities and predominantly
minority institutions. And I would add to this list certain commu-
nity and junior colleges which have disproportionately large enroll-
ment of minorities. _

I would suggest further that current programs at the National
Science Foundation are fundamentally sound and can accomplish
this objective, but they need increased funding if we are to realize
the numerical goals that have been set for the year 2000.

We know what works, and we know the magnitude of the chal-
lenge. We think the program elements are already in place. What
we need is increased support for those programs that can be target-
ed at those institutions that will have a historical commitment and
track record that can produce the desired results.

Thank you very much.

[The prepared statement of Dr. Cole follows:]
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"UNDERGRADUATE $SCTENCE EDUCATION: TRADITIONAL AND NONTRADITIONAL

SOURCiS OF FUTURE RESEARCH SCIENTISTS®

THOMAS W. COLE, JR.
PRESIDENT, CLARK ATLANTA UNIVERSITY

TRANK YOU, NR. CHAYRMAN, POX THIS OFPORTUNITY TO APPKAR SEFORK THI3 SUBCOMMITTRE TO
PABAINT TRBTIMONY ON UNDERGRADUATE ACIENCR EDUCATION. NY NAME I8 THOMAR COLE, ANO I AN
FAERIDENT OF CLANK ATLANTA UNIVERSITY IN ATLANYA, OSORGIA. CLARK ATLANTA I8 A N&Y,
COMPABNENSIVE, NKISTORICALLY SLACK UNIVERSITY, CAREATND IHREE YSARS AQO BY THE CONSCLIDATION
OF ATZANTA CWIVERSITY AND CLARK COLLEGE, EACN OF WHICH WAS MORK TNAN 120 YRARS OLD. WE ARK
ONB OF QNLY TWO HINTORICALLY BLACK PAIVATE COMPRRHANSIVE UNIVEASITIES IN TNIS COUNTRX
OFFRRING PAOGRANS FPRON THE FRESMNAN YEAR 10 TNE DOCTORATE. WE ARE PART OF A CONFORTIUN OF
SIX NISTORICALLY BLACK INBTITUTIONS THAT INCLUDES NOREHOUSE, NORRIS DROWN AND SPELHAN
COLLEGES, THE INTRROENOMINATIONAL TNPOLOGICAL CENTER AND 1HE MORBHOUSE 8CHOOL OF MEDICINE.
COLLECTIVELY, tHERX INSTITUTIONA ARE KNOWN AR INE ATLANTA UNIVERSITY CENTER, TWE LARGEST

CONBORTI(M OF BLACK PRIVAYE HIGNER ENINCATTNR IN THx WOMLD, WIQ!I HORD FHAN 9,000 ATUuBNIN AN
§00 PACOLYY.

TODAY, TOU WILL HEARING TESTINONY FROM SKVERAL WITNXSSES ON THE ATATR OF UNDERGRADUATE
SCIRNCE BOUCATION IN THE UWXTED STATES. I NANT TO FOCUS NY RENAAKS ON T4R FINDINGE AND
ARCONKEMOATTONS OF THE FROJRCT EALEIDOSCOPK RXPORT RELATAD 7O TNE ARCAUITHENY AND RETENTION

OF WONSN ABD NINORITIRS IN UNOBRARADUATE ICISNCE PROOAANS .

MR, CHAIANAN AND MEMANRE OF THE SUBCOMMITTRN, YOU ARE ALL VERY FANILIAR WITH THE NANY

2
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ASFORTS AMD SIUDIES OF THE LART SAVERAL YEARS THAT LAKENY THE DSPICIENCIRS QP OUR RDUCATIOHN
STBTREM, FAOM KINDERGARTEN TO GRADUATE SCWOOL, PARTICULARLY WITH REGARDS TO THS PRODUCTION OF
JCIEKNTISTE AND ENGINEERS. THE NATIONAL SCIENCE POUNDATION HAS SSTINATED THAT 8Y THE YEAR
2010, OUR NATION WILL BE SNGRT SY NORK IHAN 600,000 SCIENTISTS AND ENGINEERS.

SWE COMARNT AMD FROJECTED ACUTS SHORTAGES IN OUR TRAINED TECKNICAL WORKPORCS AFFICT THE
MORR SKILLED TECNNICAL AND SCIINTIPIC SEGNENTS OF OUR SUSINKSS AND INDUSTRY, AND THE
EDUCATIONAL ESTABLISRNENT ITSELF A% WE STRUOGLE TO FIND ADFQUATE NUMBEKRS OF FACULTY AND
TEACHERS, IN THE SCIENCES AND ENWGINEERING. THE TASK FORCE ON WONEN, HINORITIES AND THX
RANDICAPPAD (BATABLISHED 8Y PUBLIC LAW 99-383, SBCTION §) STATED IN ITS REPORT THAT “.ONE

OF OUR MOST URGENT TASKS IS TO STRENGTHEN QUR SCIENCE AND ENGINEERING WORKFORCE. THE
EDUCATION PIPELINE ~ FROM KINDERGAKTEN THROUGH THE FHD. - I8 FATUNG TO PRODUCE THE
WORKERS NEXDXD TO MEET FUTURR DEMAND.*

THE TASK PORCE REPORT ALSO STATKD THAT SY THE YEAR 2000, 85 PERCEINY OP NEW ENTRANTS
INTO THE NATION'S WORKPORCE WILL BE MINORITIRS AND WOMEN; YEY, THESE ARE THE OROUPS THAT HAVE
TRADITIONALLY BEYN UNDSRREXRBSENTED IN THE SCIENCE AND ENGINKXRING PROFESSIONS. NITH fHE
INPENDING RETIAEXENT OF POST WORLD VAR TWO RADIES, VE ARE IN GRAVE DANGER OF NOY PRODUCING
ENOUGH SCIBNTISTS AXD ENGINEERS TO NEKT THE NATION'S NORKFORCZ REQUIRRHENTS UNLESE WE ACT
NOW! ALONGSIDE THS WAR OM DRUGS, WE NERD TO LAUNCH A SINILAR NORILIZATION TO INPROVE
EDOCATION AP ALL LEV.LS, TO ACNIEVE ALL SIX OP TNK NATIONAL KDUCATION OOALS, THRRES OF WWICH
ARE AZLATED DIRECTLY TO MATIEMATICS AND BCIENCE EDUCATION, AND PRCOUCE THE TRAIARD TRECHNICAL
WOAKFORCE YO MERT TNE FUTORE TRCMNOLOOICAL MENDS OP THE COUNZRY.

WX NURT LOOX AT THE ENTIRE EDUCATIONAL PIFALINE IF WE ARR TO 88 SUCCK3SFUL IN DSSIGNING
AND IKPLEMENTING STRATEGIES WHICN WILL BOTM RESTORE ANERICAN CONPETITIVENKSS IN THE SCIENCES
AND INGINRSAING AND PROVIDE REASONARLE OPPORTUNITIRS POR MINORITIKS AND WONKN TO CONTRIDUTS
TC INIS NATION'S TBCRNICAL WORRFORCE. ZNERN ARE MANY FACTORS THAT CONTRISUTE TO THE
UNACCEPYABLY LOW NUNBER OF MINORITIES AMD WONKN IN SCIEKWCSE AND INGINESRING WORKFORCE THAT ARK
SASND ON CAITICAL EDUCATIONAL HURDLES IN QRADK BCHOOL, NION SCHOOL AND IN BACCALAUREATE WOAK
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LEADING TO TR YERMINAL GEGRRR TR THASE FIRLDS.

.

>
A BIGNIFICANT PART OF THE SOLUTION CAN LE POUMD BY FOCUSING ON UNDRRGRADUATS BOOUCATION

AXD UTILIRING AS NODELS THE KXANPLES OF TWOEK INSTITUTIONS THAT HAVE NISTORICALLY EXaM
RUCCESSIUL IN PAODUCING NINORITY AND WOMBN SCIENTISTS AND SNGIMEERS AS DOCUMENTED IN THE
PROTECT KALRLDGECOPS REPORT,

%8 PEAL REPORT ALONS WITN NANY GINER STODIES NAKE TRE POINT CLEARLY: WOMEN AND

MINORITINE CAN BUCCKED IN GREAT NUMBERE IN SCIENCE AND MATHEMATICE, A);D THIS BUCCXSS Id
GREATEST IN SETYINGS -- BOTH SINGLE 88X AMD COEDUCATIONAL ~- CHARACTERINED 8Y LEARNING

rI88 -~ ENVI '8 THAT ARE CARING ANO WURTURING AND THAT HELP STUDENYS BUCCRED.

THE DATA ARK CLEAR IN THIS REGARD. PRIVATE LISEBAAL ARTS COLLKGES ~- BOTH CONDUCATIOMAL

AND WONBM 'S COLLEQEN ~- HAVE BRENX ESPECIALLY PROOUCTIVR, EDUCATING A HIGHER PERCENTAGE OF

-—--NOMEN BCIENCE GRADUATES THAN ANY OTHER NWON-3IPECIALIZED CATEQORY OF INSTITUYION. AND, THE

RECORD OP HISTORICALLY BLACK COLLEGES AND UNIVERSITIZS (HBCU'3) IN THE RDUCATION OF AFRICAN
ANERICAN SCIENTISTS HAS BEEN BSPECIALLY IMFREESIVE.

IN THE MATHENATICAL AND PNYBICAL SCIENCES, FORTY-FIVE FERCENT OF THE 1987-48 BACKELOR 'S
DEGREES THAT WEPK AWARDED TO AFRICAN AMERICANS WERE FARNKD SY GRADUATSS OF HBCU'S, ALIYONIGN
LESE THAN TWENTY PERCANT OF SLACK UMDERGRADUATES ARR ENROLLED AT HWCU'S. AND, A NUNBEX oF
NGCU‘'B ARR AMONG THE MOST PRODUCTIVE OF ALL INSTITUTIONS IN THE PERCENTAGRS OF ZIHEIR

WITR D IN SCIKNCE AND MATHEMATICE AND WHO GO ON TO RECEIVE PH.D'S.

AND, THE GREAT PROPORTION OP NIBPANIC GRADUATES RECEIVE THEIR UNDERGRADUATS XDUCATION
IN PUBRTO AICAN COLLEGES AND UNIVERSITIRS AND PREDONINANTLY MIBPANIC INSTITUTIONS IN THE
SOUTNWEBY AND OTNER REGIONS OF THE COUNTRY VITH LARGE NISFANIC POPULATIONS.

TNE TRAGEDY, MR. CHAIRNAN AND NENBERS OF THE COMNITTRE, I3 THE MON~-PARTICIPARION OF THE

VAST NATORISY OF AMERICA'S COLLEGES AND UNIVERSIYISE IN THE PRRPARATION OF MINORITY SCIENCE
AND MATWEKATICE MATORS., NRARLY ALL U.8. COLLEGES AND UNIVERSITIES HAVE AFRICAN ANERICAN AND

1.0
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NISPANIC STUDENTS. NOWEVER, IN 198¢-87, FAWER THAN 100 COLLEGES FAD MORE TWAN TWO BLACK
MATHEMATICS BACCALAUREATE GRACUATES; FEWKR THE 20 HAD NORE THAN TWO BLACK GRADUATES. ONLY
33 NAD MORE THAN TWO HISPAWIC HATHEMATICE ORADUATES; ONLI 49 HAD NOAL TNAN TWO NISPANIC
PRYTRICAL BCIENCE GRADUATES; AND ONLY 133 [IAD NORE THAM YWO HISPANIC LIFX SCIENCE GRADUATES.

IN 1988-89, THE U.8. OrFICK OF EDUCATION ARPORTS THAT OF THE 154,000 RACCALAUREATE
DMIREER ANARDED BY ALL AMERICAN COLLYOER AND UNIVERSITIES, JUST OVER 11,000 (7 PEACKNT) WErK
RRCEIVED BY APRICAN ANERICANE, HISPANICS AND OTHER NINORITIKS. IF IT NERE NOI' FOR KBCU’S AND
PREDONIMANTLY NINORITY INBYITUTIONS, THE FIGURES WOULD BE FAR WORSEK.

AT THE DOCTORATS LEVEL, THE STATISTICS ARE RVEN MORE NTSTURRING. IN 1000-09, INBRE
WIAR 13,800 PH.D '8 AVARDED [N THE NATURAL SCIKNCES AND KNQINEXRING. AFRICAN AXKERICANS EARNED
1287 MISPANICS 151. FOR AFRICAN AMKRICANS, THIK REPAXSENTRD A DECREASE IN BOTH ABSOLUTK
NUMBER® AB WELL AS PERCENTAGES FROM THE RTATISTICE OF 1978-89.

THIE PRRFORMANCE BY AMERICAS COLLEGEE AND UNIVERSITIKS TS KOTHING BHORT OF A NATIONAT
DISGRACK.

IT HAS DREN RATED DRrA 'TCALLY AT MANY OF THX NATION’S LIBERAL ARTS
COLLXGERG, AT PREDONINANTLY MNIMORITY INSTITULIONE, AND AT HISTORICALLY BLACK COLLEGES AND
UNIVERSITIEE THAT WOMEN AND MINCRITIRS CAN SUCCHED IN SCIXNCE AND NATHIMATICS. AND BINCE
TNESS ARE THE INSTITUTIONE WITH THE PAOVEN TRACK ABCCAD FOR SUCCESS, A MAJOR PART OF Tix
SOLUTION TO THE PAOALEM OF THE UNDERRRPRESENTATION OF WONKN AND NINORITIES WOULD RR T3 PUY
THE ARSOUACES AT THESS INSTITUTIONS, WHERE THEY WILL YIKLD THE LARGEST RETURN ON INVESTNENT.

INB NATIOMAL SCIENCE FPOUNDATION AND SKVERAL OTNHER FEDERAL AGENCIES ARE INCREASINGLY

AZCOGNISING THIS AR AN INPORTAMY BTRATEGY. THERE ARR FROGRANS AT N3r, YOR EXANPLE, THAT
FOCUS OM HBCU'E, MINORITY INSTITUTIONS AND ON INCREASING THE REPRESENTATION OF WONEN,
XINORITIEE AND FERSONS NITN DISASILITIES IN FCIKNCE. HOWEVER, THE BUDGETS FOR TNEAR PROGRAKE
ARE NOOEBTY IN COMPARISON WITH THE OVERALL SCIKNCK, MATHEMATICS AND ENGINRERING SUDGETS AND
SHOULD B8 INCREASED SUBSTANTIALLY IF THEY ARK TO MAKE THE DRAMATIC, NUMERICAL INPACT THAT IN
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AS A FPRACTICING ANSXARCH SCIENTIST POR SIXTERN YEARS, I WOULD AS ANONO THE LASY 70
SUOGEST TNAT INCREASSS FOX THE XDUCATION AND NUMAN ASSOURCSI DIRECTORATE 38 MADS AT THS
EXPENEE OF TNE AEURAACH DIRECTORATSS. TNE RESEARCH SUPPORT THROUGH TNE GRANT MARING PROCRNS
AT TNS NATIONAL SCIKNCE POUNDATION AND OTHSR PROERAL AGENCIES IS ONX OF THE MAJOR RKASONS
FHAT GRADGATS EDUCATION IN THE UNITED STATSS I8 TNE BEST IN THE WNORLD. BUT, OUR
DWDRRORADUATS EDUCATION SYSTEN IS IN DANGER OF BECOMING SSCOND-RATS.

NE NAVE YO CLOSE THE GAP YHAT STARTED WITN TME EROSION OF SUPPORT FOR SCIRNCE AWD
NATNEHATICS EDUCATION IN INS 70'S THAT LED TO A VIRTUAL IERCING OF THE SCIENCK EDUCATION
SUDGET IN TNS EARLY #0°S. THAT ZFEDSRAL POLICY HAS SERIOUSLY HURY TAE QUALITI or
UNDERORADUATS SDUCATION IN TNE SCIKNCES IN THIS COUNTRY AND , THUS, TNS PRODGCTION OF THE
NECESRART WORXFORCS FOR TNE 2137 CENTURY HAS SEEKN SERIOUSLY COMPROMISED.

TNE INCREASS IM THE rY°'$s: BUDGEY FrOR TNK EDUCATION AND HUNKAN REBOURCES
DIAECYORATS OP THE NEF IS ENCOURAGING, SUT IF WE ARE SERICUS ABOUT INCREASING TNS NUMBERS OF
NINORITIZE AND WONEN IN SCIENCE AND NATHEMATICS AS PART OF THE STRATEGY TC RESPOND TO THE
PAQJSCTRD BRORTAGES OP TRAINED SCIKNTIATE AND ENOINEEANS, WE HAVE TO DO NUCH HORK.

WE MAVE TO pUT TNE PESOURCES WHERS TNS BYUDENTS ARE AND AT THOSS INSTITUTIONS
THAT NAVE A DEMONSTRATED TRACK RECORD IN TNE PACOUCTION OF NINORITY AND WOMEN SCIENIINTS -~
AND THAT MEANS AT TNS NATION'S LISEAAL ARTS COLLEGES, WOMEN'S COLLAGES, NISTORICALLY SLACK
COLLEGES AND UNIVEASITISS AND FPREDONINANTLY MINORITY INSTITUTIONS. I WOULD ADD TO TNIS LIST
CONMUNITY AKD JUNIOR COLLEGSS WHICN HAVE DISPAOPORTIONATELY LARGS ENROLLNENTS OF MINORITISS.

THIS DOSS NOT MEAN TNAT OTASR INSTITUTIONS OF HIGHER KDUCATION SHOULD BS LEY orr
TNE NOOK. FOR A VARIRTT OF REASONS, THE EDUCATION OF MINORITY AMSRICANS HAS NOT BEEN ONE OF
THEIR PRIORITISE AND IN MOST INSTANCES, MASED ON PAESENT TRXNDS, IT IS NOT LIKELY TO BE A
PRIORITY IN THE NEAR FUTURE. NE ENOULD CONTINUS PO PUSH THIM TO DO THEIR SKARK IN INE
ARCRUITMENT, RETENTION AND EVENTUAL GRADUATION OF NINGRITY AND ¥OMKN SCIKNTISTS. IN TWE MEAR

O GRILASEE
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TEAN, MOWEVER, WE SMOULD CONCKNTPATE INCXEANSSD EFPORTS AND RESOURCKS ON THOSS MODELS AND
PROGRANS THAT NORK ~= AT TNOSE INSTITUYIOND IVAY PROVIDE A CARING ENVIRGNNEND, CUMNITTED
NENTORS AND AOLZ MODELS AND THE XINDS OP UNDEAGRADUATE RRSEARCH XXPERIENCES THAT SREED

SOCCKES AND LEAD YO INE P IoN or WNO BECONK PAQOUCTIVE PARTICIFANTS IN T8E

SCIENTIPIC ENTERPRISE OP TNIS MATYON, INCLUDING ENTRY INTO FACULTY POSITIONS AT OUR COLLESES
AND UNIVERSITIES.

I WOULD BUGGEST FORTHER THAT CURRENT RROGRAMS AT wi¥ NATIONAL SCIENCE FOUMDATION
ARE FONDANENTALLY SOUND AND CAN ACCOMPLISH THIS OBVECTIVE. THEY ALL NERD INCREASED FUNDIHG
IF WE ARE 2O REALISE TNE NUMERICAL GOALS THAT HAVE BEEN SAT FOR THE YEAR 2000. AND WE SHOULD
ENCOURAGE THOSK FPROGRAN INITIATIVES THAT POSTER CREATIVE PARTNERSHIPS ANONG THOSE
INSZITUTIONS ACRCSS THE COUNTAF THAT FOCUS ON NIMORITIES IN 3CIENCE -~ BETWEEN COMNUNITY
COIT.BGRS AND NACU*S, BETWEEH HACU'S AND TUOSS PREDONINANTLY WHITE LISERAL Asrs COLLBGES THAT
PROVIDE THE KIND OPF LEKARNING COMNUNITIES CALLED POR rN THE PKAL REPORT AND IWE QUALITY

EDUCATION FOR MINORITIES REPORT.

NE KNOV WHAT WORXS, NR. CHAIRNAN AND NENDERS OoFr THE COMMITTEE, AND WE KNOW THE
MAGNITUDE OF THS CHALLENGE. THE PROGRAM KLENENTS ARK ALREADY IN PLACK AX THE NATIONAL
ACIENCE FOUNDAZION. NWWAT WX NXED IS YOUR SUPPORT FOR INCREASRD FINANCIAL RESOURCES THAT CAN
AE TARBETED AT THONX INSTITUTIONS TMAT HAVE THE NISTORICAL COMMITMENT AND TRACK RECORD THAT
WILL PRODUCE THE DASIRED AESULTs.

TNANK YOU VERY NUCH.
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Mr. Woupk. Thank you very much, Dr. Cole.
Dr. Stokes?

TESTIMONY OF GERALD V. STOKES, PH.D., ASSOCIATE PROFES-
SOR OF MICROBIOLOGY, GEORGE WASHINGTON UNIVERSITY
SCHOOL OF MEDICINE, WASHINGTON, DC; CHAIRMAN, COMMIT-
TEE ON THE STATUS OF MINORITY MICROBIOLOGISTS OF THE
PUBLIC AND SCIENTIFIC AFFAIRS BOARD, AMERICAN SOCIETY
FOR MICROBIOLOGY

Dr. Stokes. Mr. Chairman and members of the subcommittee,

my name is Gerald Stokes and I am Chairman of the Committee on
the Status of Minority Microbiologists of the Public and Scientific
Affairs Board of the American Society for Microbiology, and the
ASM representative to the National Life Science Education
Summit. I am also an Associate Professor of Microbiology at the
George Washington University Medical Cente:.
" The American Society for Microbiology is the largest life science
society in the world, with a membership exceeding 38,000. A major
goal of ASM’s strategic plan has been to develop ways to identify,
attract and provide better opportunities for underrepresented
groups to achieve their full potential in the microbiological sci-
ences. This work was achieved through initiatives of the ASM's
boards and committees and through collaborative efforts, which in-
clude many other life science organizations.

The Project Kaleidoscope Report and that of the National Life
Science Education Summit both point out the importance of re-
cruiting and retaining underrepresented minorities in science at
the undergraduate level, and as you well know, there are many
programs in place that are striving to accomplish this task.

ASM, for example, played a major role in the leadership of the
organization and sponsorship of the National Life Science Educa-
tion Summit, or the Wingspread Conference, which was held in
Racine, Wisconsin in February of this year. This event, the first of
its kind, was initiated by the ASM and attracted representatives
from 30 life science organizations, which has a combined member-
ship of nearly half a million scientists and science educators.

The report from the National Life Science Education Summit
supports many of the recommendations of the Project Kaleidoscope
report, particularly its emphasis on strengthening undergraduate
science and math education. The summit report goes even further
in calling attention to the need to improve precollege science edu-
cation and to encourage underrepresented groups to pursue careers
in life sciences.

The full report of the Life Science Education Summit has been
submitted for your review. In addition, copies are available in the
Office of Education and Training at the American Society for
Microbiology.

Another example of the ASM's efforts is the Minority Student
Science Careers Support Program, or MSSCSP. This encourages un-
derrepresented minority students who are interested in science to
pursue careers in the biological research area. The program has
four components: a visiting scientist program, a summer research
fellowship program, travel awards to ASM Annual Meetings, and a
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biological factual exchange component, which is a national clear-
inghouse of information on financial and training programs for stu-
dents in the sciences.

This program is funded by the National Institute of General
Medical Sciences through its Minority Access to Research Careers
program.

The MSSCSP program of ASM has been quite successful in work-
ing with accomplished students on an individual basis. As we all
know, by the time a student has chosen to continue his or her edu-
cation and goes beyond high school, he or she may not be adequate-
ly prepared to pursue an undergraduate science degree. The specif-
ic skills needed to do science and to do it well are developed at a
young age.

In addition, many undergraduate students have already made
the decision for or against a science career at that time. To recruit
students in science, particularly underrepresented minority stu-
dents, emphasis must be placed on better preparation at the earli-
est possible level.

In recommending changes in Federal programs, particulariy
those of the National Science Foundation, the life science commu-
nity, based on the results of the Life Science Education Summit,
recommends a revised academic award program that recognizes
teaching and community outreach services to be as important as
resealrl'ch. Teaching and community outreach should be rewarded
equally.

Another role for the National Science Foundation should be to
serve as a catalyst for interaction and cooperation of teachers,
school administrators, and scientists in efforts initiated by profes-
sional life sciences organizations. Very few programs, especially
those requiring the participation of teachers, can have any success
without the cooperation of local school boards and administrators.

In addition, it is also recommended that Federal agencies include
members of professional societies in the national science education
projects as resources for both expertise and information.

Finally, the ASM would like to commend the efforts of those in-
volved in Project Kaleidoscope and would strongly advocate the in-
clusion of more precollege science and mathematics in the overall
plan. Virtually all of the recommendations can apply to this popu-
lation. We firmly believe that the recruitmeat of underrepresented
groups must begin at the earliest possible stage of learning and
must be supported at every level, including the undergraduate
years and precollege years.

Thank you for the opportunity to testify, and I would be pleased
to answer questions later.

[The prepared statement of Dr. Stokes follows:]
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Mr. Chairman and members of the subcommittee, my name is Gerald V.
Stokes and I am Chairman of the Committee on the Status of Minority
Microbiologists of the Public and Scientific Affairs Board of the American
Society for Microbiology and the ASM representative to the National Life Science
Education Summit. I am also Associate Professor of Microbiology at the George
Washington University School of Medicine. The merican Society for
Microbiology ls the largest life science society in the world with a membership
exceeding 38,000. A major goal in the ASM's strategic plan is to " develop ways
to identify, attract and provide better cpportunities for underrepresented
groups to achieve their full profession: { potential in the microbiological
sciences.” This work has been achieved through initiatives of ASM's boards
and committees and through collaborative efforts which have included many
other life science organizations.

The Project Kaleidoscope Report and that of the National Life Science
Education Summit both point out the importance of recruiting and retaining

underrepresented minorities in science at the undergraduate level and as you

are aware, there are many programs in piace that are striving to accomplish

this task. The ASM, for example, played a major leadership role in the
organization and sponsorship of the National Life Science Education Summit or
“Wingspread Conference" in Racine, Wisconsin in February of this year . This
event, the first of its kind, was initlated by the ASi and was attended by
representatives of thirty life science organizations whose combined membership
nears a half million scientists and science educators. The report from the
Natlonal Life Science Education Summit supports many of the recommendations ~<

the Project Kaleidoscope report; particularly its emphasis on strengthening
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undergraduate science and math education. The Summit report goes even
further to call attention to the need to improve pre-college science education
and to encourage underrepresented groups to pursue careers in the life
sciences.

The National Life Science Education Summit was formed to pool the efforts
and resources of the diverse life science community into one single endeavor.
The Summit participants agreed to establish a life science network, called the
Coalition for Education in the Life Sciences (CELS); to identify the
organizations and resources to bring about formulated strategies; and to
generate a national platform for the life sciences. The full report of the Life
Science Education Summit has been submitted for your review and additional
copies are available from the Office of Education and Training at the ASM.

A second example of ASM's efforts, is the Undergraduate Faculty
Enhancement program funded by NSF. This program promotes undergraduate
faculty and research scientists interaction for the purpose of improving
undergraduate microbiclogy education. The program sponsors summer
fetlowships for undergraduate faculty at a research institutions.

Another example is the Minority Student Science Careers Support
Program (MSSCSP) which encourages underrepresented minority students who
are interested in sclence to pursue careers in biological research. The program
has four compor;ents: a Visiting Scientist Program, Summer Research Fellowship
Program, Travel Awards to the ASM General Meeting and a Biological Careers
Factual Exchange (BJOFAX), a national clearinghouse of information on financial
and training programs for students in the sciences. This program is funded by
the National Institutes of General Medical Sciences' {NIGMS) through its

Minority Access to Research Careers (MARC) Program.




The MSSCSP has been quitc successful by working with accomplished
students on an individual basis. However, as we all know, by the time a
student has chosen to continue his or her education beyond high school, he or
she may not be adequately prepared to pursue an undergraduate science
degree. The speciflc skills needed to do science and to do it well are developed
at a young age. In addition, many undergraduate students have alrendy made
the decision for or ageinst science as a career. To recruit students in science,
particularly underrepresented minority students, emphasis must be placed on
better preparation at the earliest possible level.

in recommending changes in Federal programs, particularly those of the
National Science Foundation, the life science community, based on the results of
the National Lifc Science Fducation Summit, rccommends a revised academic
reward system that recognizes teaching and community outreach services to be
as important as research activities. Teaching, community outreach and rescarch
should be rewarded equally. Without the collaborative efforts of the research

and educational communities, the number of U.S. research scientists will

continue to diminish. Professional societies can be used as the impetus for these

rewards and recognition.

Another rolc of the NSF should be to scrve as a catalyst for the
interaction and cooperation of the teacner, school administrator and scientist in
efforts initlated by professional societies and other organizations. Very few
programs, especially those requiring the participation of teachers can have any
success without the cooperation of local scher | boards and administrators. In
addition, it is recommendcd that Federal agencies include members of
professional societies in national science educstion projects as resources for

both expertise and information.
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As we sec it, the Natlonal Science Foundation must take the lead in
supporting the efforts of The Coalition for Education in the Life Sciences
(CELS) and organizations like it that would establish guidelines for improving
undergraduate curriculum in the life sciences os well as n 1wuational clearinghouse
of life science education programs. The clearinghouse can also assist with the
dissemination of federally-funded grants, awards and scholarships.

The NSF must also support grassroots efforts since it has been found
that educational programs initiated by community-based organizations are key to
recruiting underrepresented minorities In the sciences. Community-based
organizations, such as churches, boys and girls clubs and community centers
have a strong involvement in and are better connected to these communities.

Finally, the ASM would like to commend the cfforts of those involved in
Project Kalewdoscope and would strongly advocate the inclusion of pre-colleje
S,Cicnvu and mathematics in the overall plan. Virtually all of the recommendations
can apply equally to this population. We firmly believe that the recruitment of
underrepresented groups must begin at the carliest possible stage of learning
and must be supported at every level including the undergradua e years nnd

beyond. Thank you for the opportunity to testify and I would b¢ pleased to

respond to uny questions.
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TESTIMONY OF DR. JANE MARGARET O'BRIEN, PRESIDENT,
HOLLINS COLLEGE, ROANOKE, VA

Dr. O'BrieN. Mr. Chairman, my name is Dr. Jane Margaret
O'Brien and I thank you for inviting me to participate today in this
oversight hearing.

I have been asked in particular to address the issues of recruit-
ment and retention of women in science at the undergraduate
level, and to make recommendations for changes in Federal pro-
grams that would likely increase the participation of women in sci-
ence.

My impressions are shaped first by the fact that I am a woman
scientist with an undergraduate degree in biochemistry from an
historically women’s college; second, by my 12-year background in
teaching and research at an undergraduate liberal arts institution;
and third, by my new appointment as president of a women'’s col-
lege, Hollins College, with a 150-year tradition of commitment to
encouraging women's achievement in the sciences.

Women today constitute 45 percent of the total work force. Yet
in 1979, women accounted for 9 percent of the science and engi-
neering work force. By 1986, this had increased to 16 percent, and
the latest indicators are that we are up to 18 percent. These num-
bers suggest that we have made significant progress in recruiting
and retaining women in the sciences. This is true both at the bac-
calaureate level and at the doctorate level, where respectively one-
third and one-quarter of the degrees in the sciences are now being
awarded to women.

Two types of institutions have been particularly successful in
educating women in the sciences: the so-called Liberal Arts I col-
leges and the Research I universities. Liberal Arts I colleges rank
first overall in the production of science baccalaureates and first in
the production of women science graduates.

Mr. NAGLE. Tell me what a Liberal Arts I college is.

Dr. O'BrieN. A classification done by the Carnegie Foundation
for teaching in 1986 classified institutions as Liberal Arts I if they
were less than 2,500 in size, predominantly undergraduate in com-
position and did not give more than 50 percent of their degrees in
occupational or professional fields. Most of the institutions repre-
sented today are Liberal Arts I.

Mr. NAGLE. You used another term, too, Research I?

Dr. O'BRrIEN. Research I universities are those that have—I think
it is above $55 million given per year for the purposes of research,
and have predominantly, I would hate to give the number, but a
certain number of Ph.D.s that are granted per year in the sciences.

These are specific classifications and I use them because they
were used in the Project Kaleidoscope report.

With only 3 percent of the undergraduate enrollment, these col-
leges, which many of us represent today, award 10 percent of the
Nation’s baccalaureate degrees in the natural sciences and mathe-
matics each year. Close behind are the Research I universities.

Women's colleges, primarily a subset of the liberal arts colleges,
have had a particularly important role in the production of women
scientists. The proportion of women science doctorates earned by
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graduates of women’s colleges has been historically and still re-
mains almost twice that of coeducational counterparts.

Of all the explanations which might help us to understand this,
none is more intuitively plausible and more statistically valid than
the correlation developed by Dr. Elizabeth Tidball of George Wash-
ington University Medical Center, supporting the direct relation-
ship between the number of women faculty mermbers at an institu-
tion and the number of women students who subsequently obtain
doctorates in the natural sciences.

It is in the women's colleges where women faculty members are
most numerous, approximately twice as prevalent as in coeduca-
tional institutions. The imprinting of young women scientists on
women mentors is the most directly understandable and verifiable
fact we know about women’s career choices in the natural sciences.
This simple fact should guide us in planning for improving the re-
cruitment and retention of women in the sciences.

From this, there are three suggestions I will make which can di-
rectly and rather simply affect increased involvement of women in
the sciences. First, we must encourage v-omen facuity to stay in the
sciences and encourage new women Ph.Ds to join us, to help us
build our network of woinen scientists.

In the established NSF faculty development programs, including
visiting professorships for women and career advancement awards,
which specifically help faculty members to gain new skills and to
build important community networks in the sciences, encourage
more mentoring between liberal arts college faculty, particularly
women's colleges which have the greatest concentration of women
facuity members,

This parallels a recommendation from the Project Kaleidoscope
report.

Secondly, we must encourage mentoring of women students by
women faculty. Mentoring is a long-term commitment, and I will
second Professor Doyle’s recommendation made earlier that the
very valuable NSF REU program be reconsidered and restructured
more specifically to encourage mentoring within institutions, espe-
cially women students by women faculty members.

Thirdly, set the example. The more visibly that the National Sci-
ence Foundation and other national science organizations show all
of us, faculty and students alike, that women scientists have a
voice in policy, the more eagerly we too will work to plan for the
best learning communities.

I close by thanking you for this opportunity to address you.

[The prepared statement of Dr. O'Brien follows:]
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INTRODUCTION

] am pleased to participate today in this oversight hearing on "Traditional and
Nontraditional Sources of Future Research Scientists” held before the Subcommitiee on
Investigation and Oversight for the U.S. House of Representatives Committee on Science,
Space and Technology. I have been asked in particular to address the issues of recruitment
and retention of women in science at the undergraduate level and to make recomrmendations
for changes in Federal programs that would likely increase the participation of women in
science.

Three perspectives inform my comments. First and foremost, 1am a woman scientist with
a personal understanding of the problems of recruitment and retention of women in science
at the undergraduate level. My undergraduate training began at the University of Delaware,
which boasts one of the finest undergraduats chemistry programs in the country.
Unfortunately, 1 found myself uncomfortable and discouraged as onc of two women in a
class of over 100 chiemistry students in organic chemistry. Afte: the first exam, I came to
the painful realization that being so obvious by gender was no advantage in a classroom
where exams were returned in order of descending grade. It made no difference that I
ended that course with a B. What did matter to me is that most of the class members had a
sense of my class standing, and that I had a sense of my difference. 1 transferred after that
semester, and purposcfully chose a liberal arts college with a strong commitment to the
education of women.

Secondly, with the exception of my freshman year, I have spent my catire academic career
at liberal arts institutions. Sixteen years ago, I received my undergraduate degree in

biochemistry from Vassar College. And for the past eleven years 1 have been a faculty
member at Middicbury College, where I was the first womnan hired and tenured into a
permanent faculty position in the Division of Natural Sciences. Middlebury College hasa
strong tradition in the sciences and, yet, like most liberal arts colleges, recruitment and
retention of women in the sciences is a significant issue especially in the disciplines of
chemistry, physics and mathematics where women are traditionally underrepresented.

Thirdly, I now speak as the president of Hollins College, a liberal arts college dedicated to
the education of women. As onc of ninety-three women’s colleges in the country, Hollins
has a particular stake in understanding the recruitment and retention of women in
undergraduate scicnce education. It is women's colleges like Hollins who have succeeded
notonly in building a sirong pool of women graduating with degrees in the sciences, but
who have excelled especially in preparing women who subsequently pursue doctoral study
in the sciences. Altogether, six traditionally women's colleges, including Bamard, Mount
Holyoke, Smith, Wellesley, Ratcliffc and Vassar, form the core of colleges who
collectively have produced the greatest number of women Ph.D. scientists. And although
these schools have set the highest standards for educating women scientists, there. are
another 10 women's colleges, including Hollins College, who have collectively produced
half again as many women Ph.D. scientists.
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In her treatise “Doctoral Productivity of Women's Colleges," Carol Fuller of the

" Independent Colleges Offices in Washington, D.C., shows that the proportion of women's

science doctorates earned by graduates of women's colleges is twice that of their
coeducational counterparts, both for doctorates awarded over the period 1961-1980, as
well as for the doctorates eamed over the period 1970-86.1 This information is particularly
significant because it establishes unequivocally that women's colleges are as important
today as they have been historically in achieving the highest success in educating our
brightest women scientists. During the fifteen year period from 1960-76, fully one-half of
our nation's women's colleges began recruiting and admitting men, thereby changing their
status to coeducational. Yet the data set for 1970-86, extending ten years beyond this most
dramatic change shows with consistency that women's colleges are twice as likely as
coeducational institutions to produce women scientists who subsequently pwsue a
doctorate.

This distinction is not surprising to anyone who knows M. Elizabeth Tidball's statistics on
women's colleges. Dr. Tidball, Professor of Physiology at the George Washington
University Medical Center, has published widely on the collegiate environments most
conducive to the development of high-achieving women and men. She has developed a
statistical correlation supporting the direct relationship between the number of womien
faculty and the number of women students who continue in post-college achievements. For
both women's colleges and for coeducational institutions, the number of women achievers
correlates positively and similarly with the number of women faculty members. This
relationship has been established specifically for women faculty and women graduates who
subsequently eamed 2 research doctorate in the natural sciences. There are, then, two
caveats which explain the special environment in women's colleges. First, women faculty
members are twice as prevalent in wonen's colleges as in coeducational colleges.
Secondly, there is no statistically significant relationship between women achievers and the
number of male faculty.2

Such correlations between women science teachers and women in the sciences have not
been developed for other educational sectors, but it would seem unlikely that only the ranks
of the highest-achievers would be affected so significantly. I have experienced this in my
own education as well as through the teaching of my women students. The presence of
wornen in the sciences will encourage the participaton of other women and this, above all,
should guide our nation's planning for recruiting and retaining women in the sciences.

RECRUITMENT AND RETENTION OF WOMEN IN SCIENCE

The recently released Project Kaleidoscope report, funded by the National Science
Foundation and coordinated through the Independent Colleges Office, states succinctly the
importance of recognizing the inevitable link between science education and our nation's

1The data is normalized for number of baccalaureates: for 1961-80 doctorates the baccalaurcates awarded
from 1956-76 were compared; for 1970-86 doclorates the baccalaureates from 1970-82 were compared.
2Tidball, E. “Women's Collcges: Exceptional Conditions, Not Exceptional Talent, Produce High
Achicvers,” in Educating the Majority, Pearson, C.S,, Shavlik, D.L. and Touchton, J.G., cds. Macmillan,
NY 1989
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‘ormance in a world of sophisticated technologies, which in turn are increasingly used
as the basis for indicators which measure national progress and health:

It is clear that the U.S. education enterprise, particularly in mathematics,
physical sciences, and engincering, is seriously underperforming. Measures of
trade balances, patent activity, technical specialists per capita, and research and
development expenditures reveal that this nation incurs serious penalties from
these failings.

Senator Albert Gore, speaking in 1990, stated the argument in terms of our nation's
competitiveness:

We need action soon. More and more, America's competitivencss depends
directly on the men and women who develop and apply new technologies. Our
health depends on rescarchers finding new ways to cure disease. The quality of
our environment depends on scientsts and engineers finding new ways o
protect our planct. So many of the questions we face today require scientific and
technological answers. We need to ensure that we have the men and women to
providc those answers.

1t is implicit from Senator Gore's remarks that education is at the root of ensuring our
workforce. And the expectation is that our nation's competitiveness will depend on the
participation of men and women as contibutors. Women today constitute 45% of the total
workforce. In 1979, women accounted for 9% of the science and engineering workforce.
By 1986 this had increased to 16%. Where women are clearly the most undemepresented in
this sector is in engineering, where only 1 out of every 25 engineers is a woman. In the
sciences alone, women are more represented and range froma low of 12% of the
environmental scientists to 45% of psychologists. Considering the sciences alone, one in
cvery 4 employed scientists in 1986 was a woman.3

These numbers suggest already that we have made significant progress in recruiting and
retaining women in the sciences. Indeed, this is true, both at the baccalaureate Ievel and at
the doctoral level. Today one-third of the baccalaureate degrees in the sciences are awarded
to women. The Project Kaleidoscope report makes a strong case for the particular role of
/ two types of institutions in educating women at the undergraduate level: the so-called
"Liberal Arts I Colleges" and the "Research I Universities” as defined by the Camegie
classification for colleges and universities, representing 142 and 70 institutions,
respectively. Independent Liberal Ants I colleges rank first overall in the production of
science baccalaureates and first in the production of women science graduates. With only
39% of the undergraduate enrollment, thesc colleges award 10% of the nation's total
baccalaureate degrees in the natural sciences and mathemnatics each year. Close behind are b
the Research I Universities. And 25 previously noted, the women's colleges have had a .
unique role of their own as a subcategory of the Liberal Arts I institutions.

3 National Science Foundation, "Women and Minoritics in Scicnce and Engincering,” 1988
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At the doctoral level, no graduate schools were available to women wishing to receive a
degree prior to the 1880's. By 1920, only 15 institutions had granted 5 or more Ph.D.s to
women in the sciences. During the ensuing decade, 627 of the doctorates in the sciences
were eamed by women, or 11% of the total.4 This percentage has held relatvely steady
until the past three decades. By 1987, women earned 27% of the doctorates in the
sciences.3 However, a closer look at the data shows that this increase in the representation
of women is determined at least in part by an unfortunate correlator: the declining number
of men receiving doctorates.

To improve recruitment and retention of students in the sciences, the Project Kaleidoscope
report recommends that we consider changes which will significantly change the
appearance of the science classroom. A number of learning models are highlighted in the
report, including highly interactive, experimentally based curricula which blur the
restrictive distinctions between pedagogy and content by making the laboratory the
classroom. This environment, modeled after the progressive liberal arts classroom, works
for wonen as well as men:

It is now clear that women can succeed in great numbers in science and
mathematics. The success of women in science and mathematics is greatest in
settings --- both single-sex and coeducational --- characterized by the kinds of
leaming communities described in this report. These settings warm the chilly
climate for women so often noted at all levels of education in this country.

The leaming communities described in Project Kaleidoscope are reminiscent of the
successful strategies which have been used at earlier ages to engage young girls in science.
Patricia Campbell describes some of the "community” aspects which make science
acceptable to young girls considering math and science careers, including:6

» Emphasizing career exposure, not career choice. That is, talking with
scientists, not talking about scientists.

« Involving girls in activities that reflect the work of people in different
science and math carcers. That is, participation in hands-on activities.

¢ Reducing the isolation frequently felt by girls who are already interested in
math and science. That is, allowing for a conversant community.

1 believe that we are on the verge of understanding ways in which recruitment and retention
of women in the sciences can be achieved. But we need to consider always the whole
picture of women in science, including the pre-college years and the post-college years, if
the ultimate goal is to bring an underutilized human resource into the workforce. One of

4 Tidball, E. in "Women's Collcges and the Education of Natural Scientists,” presented October 1987,
Boston Science Muscum

5 National Research Council, "Doctorate Recipients from United States Universities,” 1987 Summary
Report

6 Campbell, P.B. “Girls and Math: Enough is Known for Action,” WEEA Digest, Department of
Education, 1991
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Holtins' alumnae, Dr. Mary Beth Hatten, recently shared some of her thoughts about
cemerging career issues as a woman scientist now working to educate our next generation's
scientific minds:

Twenty years after being graduated from Hollins, I find myself obsessed with
two occupations, caring for my eight year old son and pursuing a career as a
neurobiologist. In the latter, I run a large laboratory of young scientists at
Columbia University whose work is directed toward understanding how
immature nerve cells establish the patiern and connectivity of the brain.

Over the past few years, as our work has gained international recognition, I
have often questioned what it means to be a woman in science. Although we all
like to argue that it's only the science, not the gender of the scientist, that
matters, we know full well that women and men often approach problems
differently. Moreover, it is tacitly understood that the most successful women
are those who can provide the best imitation of a man. Having reached the mid-
career milestones, I find myself wanting to find ways to affirm, and even
institutionalize, a "woman's approach” in science.

What is a woman's approach? At this stage, it's easier to define what it is not,
than what it is. It is not "bottom line", not “winner take all”, not "all or
nothing”, not "publish or perish”, not "bull and bearish", not a "competitive
edge" or "you are what you earn”, and definitely not a game of basketball,
tennis or golf. It is a longer view, a willingness to take on problems that are not
immediately resolvable. It is being able to say "I'm going home to see my
children" when g deal is on the table.

Several weeks ago, I reccived an invitation to a meeting of the renured women
professors of Columbia University. Although very active a decade ago, this
group had not convened recently, not in the time I have been at Columbia. I felt
an intense curiosity as to who these wornen might be, and how they had
addressed their own questions.

As ] walked into the iounge of Philoscphy Hall, a grand old reading room, I

- was struck with a feeling that I had not felt for 2 very long time. I realized it was
a feeling that I first found at Hollins, a feeling that has been hard to come by
since, of unconditional support for women. This was not a man's world. For
one thing, the chairs were in a circle. For another, the issue was not whether
women still have difficulties developing successful careers, but how to address
these difficulties.

One by or.e, the women, Professors of Biophysics, Romance Languages or
Law, rose with their lists of concers voiced by younger womien in starting,
developing and maintaining academic careers. The discussion went on for
hours, each point pounding the realization that in the 1990's the uncertainty
about how to foster a woman's career and personal development is greater than
it was a decade ago.

Why is that? There are no ruses for women. Most often, the pathway is ad hoc,
owing to different levels of acceptance of women and to different male codes of
behavior in different ficlds. Then, too, there is the most ad hoc arrangement of

all, the logistical nightmare of juggling a career and children. More women drop
out at critical points, just after college, just after graduate school, than men, and

ERIC

PAFullToxt Provided by ERIC




Q

ERIC

PAFullToxt Provided by ERIC

there are no established mechanisms for coming back. Moreover, there is little
information to define accurately the problems women face in their careers and a
lack of public resolve to address these problems.

Clearly the issues of women in science extend beyond the classroom, no matter how
imaginative we become in designing learning communities. We need to recognize the
special needs of women in order to accommodate their learning and longevity in the
sciences. Our approach must be consistent and, above all, respectful of the fact that there
will probably be, at least for many women, a "woman's approach" in science.

RECOMMENDATIONS FOR FEDERAL PROGRAMS TO INCREASE THE
PARTICIPATION OF WOMEN IN SCIENCE

1 offer three recommendations for improving the recruitment and retention of women in the
sciences:

Recommendation #1. The NSF Visiting Professorship for Women is a valuable
program which helps women faculty members to gain new skills and to build important
community networks in the sciences. I urge you to consider expanding, this program to
offer more opportunities for women, and to consider more significantly exchanges between
strong undergraduate institutions. This recommendation parallels in principle
Recommendation #5 in the Project Kaleidoscope report which encourages the establishment
of a faculty development program between strong undergraduate institutions, broadening
the current Research Opportunity Awards (ROA) Program which enables undergraduate
faculty members to do research at major universities.

Within our nation's colleges, a strong faculty of women scientists is developing. Women
faculty are most highly represented in the women's colleges, and secondly within the
liberal arts colleges. This resource could be shared with other undergraduate institutions if a
program can be developed specifically to support exchange. Furthermore, by broadening
the guidelines beyond research to include projects related to the study of educational
methods, particularly those projects which directly seek to understand and encourage
retention of women in the sciences, a means would be provided for women formally to
educate others. It is my strong belief that women faculty have both a strong interest and a
considerable knowledge about these issues.

Recommendation #2. The Research Experiences for Undergraduates (REU) Program
should receive an expanded level of support. This concurs with the recommendation
offered by Robert M. Gavin to the Subcommittee on Science in his March 12 testimony. In
the current REU competition, the principal investigator must have a project(s) that will
accommeodate ten students. Furthermore, the requirement that half of the students be from
off-campus does not foster the mentoring relationship of community that we are striving to
create in the sciences. Rather, preference might be indicated for proposals wherein half of
the students are women and women faculty are involved in the project, in that way
encouraging a climate wherein wornen faculty can provide a critical model for young
women with an interest in the sciences. I specifically choose the route of “preference”
rather than “requirement" to encourage rather than mandate that academic communities
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think about their own campus communities in which women scientists, teachers and
students, pursue their work. .

Recommiendation #3. At some point, it is critical for Federal programs to include more
women in the top levels of administration and for these women to be visible to women
faculty and students. I commend the National Science Foundation for working diligently to
include women on their staff and for keeping women actively involved on review panels. I
also bring to your atiention the composition of the Project Kaleidoscope Executive
Committee and the Advisory/Action Committce. Women are represented in a significant
way on these committees, as they need to be on any committeés oversecing
recommendations for the sciences. I hope I have convinced you by the numbers that I have
presented that there are women who are scientists and that our nation has made
considerable progress in attracting women into the sciences. Many of us have ideas about
issues for women in the sciences and many of us can work formally or informally to
encourage Federal programming which is sensitive to the fact that there will probably be, at
least for many women, a “woman's approach” in science.

CONCLUSION

I close by thanking you for this invitation to appear before this Subcommittee and having
the opportunity to express my views about the recruitment and retention of women in the
sciences. In assuming my new responsibilities this past week as the President of Hollins
College, 1 am myself following a fellow scientist and chemist. Dr. Paula Brownlee,
president of Hollins College for nine years, was appointed President of the Association of
American Colleges in September, 1990. We are both women who pursued our professional
route in the sciences, both proof that there is within the educational system a path that
works for women interested in the sciences. The challenge before all of us now is to make
that path wider.




Mr. NaGgrLe. Thank you.
Dr. Gentile.

TESTIMONY OF DR. JAMES M. GENTILE, PROFESSOR OF BIOL-
OGY AND DEAN OF THE NATURAL SCIENCES, HOPE COLLEGE,
HOLLAND, MI

Dr. Gentie. Thank you, Mr. Chairman. I am very pleased to
participate today in this oversight hearing.

My name is Jim Gentile. I speak to you as a biologist who has
been an active teacher-scholar with undergraduate students for
over 15 years, and as an administrator who understands the com-
mitment necessary for changes that will enhance opportunities for
women and minority students.

That I am a white male from a coeducational, predominantly
majority institution underscores the fact that institutions such as
Hope must play a critical role in the training of women and minor-
ity students. Hope College has a strong tradition in training stu-
dents who obtain advanced degrees in science and mathematics.

We are now dedicating significant efforts to meet the need of
women and minority students in the sciences and to build and
retain a student body that reflects current population demograph-
ics in Western Michigan.

The first step necessary for any institution to make inroads into
the education of women and minority students is commitment. In-
sufficient commitment is generally a greater barrier to success
than inadequate resources. Liberal arts institutions such as Hope
College are among those institutions that have expressed commit-
ment and developed the programs necessary for success with these
students. _

It is my firm belief that liberal arts schools will lead the way in
the future in the continued development of successful programs
that can serve as models for all institutions. Using some programs
now in place at Hope, let me give you some personal examples of
how institutional commitment can be translated intoc action.

To encourage science career opportunities and to recruit minori-
ty students into the sciences, we have entered into a unique part-
nership with the University of Michigan Medical School in which
we jointly recruit and provide fiscal resources for minority students
to pursue undergraduate studies at Hope followed by guaranteed
graduate work at the University of Michigan.

As undergraduates, the students are nurtured in faculty and stu-
dent led support groups, they pursue biomedical research with fuc-
ulty from both institutions, and following graduation from Hope,
they are admitted with scholarship for graduate study at the Uni-
versity of Michigan Medical School.

This program has proven extraordinarily successful in attracting
promising students and giving these students a guaranteed career
opportunity at a very early stage of their education and of sustain-
ing these students in a continuum from undergraduate through
graduate years.

A second example involves partnerships that improve student in-
terest in science at the elementary school level. Our Partners in
Science program, funded through a generous grant by the Kellogg




128

Foundation, Hope College and three local schooi districts, allows in-
service elementary school teachers to work side by side with Hope
College students who are preparing for a teaching career. Teachers
and students take classes together, do joint hands-on laboratory
work, and together bring hands-on laboratory modules back into
the elementary classroom for the elementary students.

Included in this program are special Saturday and evening pro-
grams for girls and minority students and their families. These em-
phasize opportunities in sciecnce and encourage the young students
to pursue careers in science and mathematics.

Thirdly, using funding from the GTE Foundation, the NSF, NIH
and the Howard Hughes Medical Institute, we have developed
summer programs that allow women and minority students from
area high schools and Hope College undergraduate students to
work collaboratively with one another and with Hope faculty in re-
search laboratories. The high school students simultaneously take
enrichment courses in English, mathematics and science to en-
hance opportunities for future college success.

Lastly, along with nine other liberal arts institutions, Beloit, Cux-
leton, Grinnell, Kalamazoo, Knox, Macalester, St. Olaf, Rhodes,
and Trinity University, and two distinguished private universities,
The University of Chicago, and Washington University-St. Louis, we
are members of the Pew Mid-States Consortium for Science and
Mathematics.

We have developed collaborative programs that enhance curricu-
lar development. A central focus is aimed toward improving entry
level courses and devising different avenues in the curriculum,
multiple entry points, through which students can travel in their
pursuit of science and mathematics careers.

We have also devised teaching workshops to enhance faculty ac-
countability to women and minority students. For example, a
woman Hope faculty member and a male facully member from
Carelton College are now organizing a teaching enhancement work-
shop focused at changing the classroom climate to meet the needs
of women and minority students on our campuses.

These are but a few examples of efforts that have significantly
strengthened educational opportunities at Hope for women and mi-
nority students, while also helping all students to enrich their
vigion of careers in science and mathematics. There are also exam-
ples of creative opportunities available to all institutions serious
about developing approaches to catalyze the teaching of women
and minority students.

Let me summarize by saying that among the lessons learned
from Project Kaleidoscope is that faculty and administrators from
predominantly undergraduate institutions are eager to be involved
in national efforts to reform undergraduate science and mathemat-
ics education, and are equally eager to develop and sustain pro-
grams that foster science career opportunities for women and mi-
nority students.

We realize that the ultimate solution ir achieving our goals is to
not rely solely upon resources from the *Iztional Science Founda-
tion and other Federal agencies. Rather, we must foster partner-
ships between the public and private sectors and committed aca-
demic institutions to sustain our efforts over the long haul.
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For example, a Federal program to promote linkages between
faculty from minority and majority institutions or between faculty
from coeducational and single-sex institutions, and allow for
unique consortial arrangements between such schools would be a
catalyst for action.

We look forward with enthusiasm to learning from our col-
leagues at minority and single-sex schools and to hearing a vision
of what works for women and minority students with one another
and with all. Thank you.

[The prepared statement of Dr. Gentile follows:]
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INTRODUCTION. I am very pleased to be invited to participate today in this oversight
hearing on traditional and nontraditional sources of future research scientists held before
the Subcommittee on Investigations and Oversight of the House Committee on Science,
Space and Technology. For Hope College; for our peer institutions within the Associated
Colleges of the Midwest, the Great Lakes Colleges Association, the Central Pennsylvania
Consortium; for Reed College, Allegheny College and the other institutions served by the
Independent Colleges Office; and for all students, faculty, and administrators of institutions
that have actively participated in Project Kaleidoscope; the National Science Foundation
and other agencies within the Federal Government are significant partners with us in our
efforts to attract and sustain student interest in science and mathematics. We recognize
and appreciate the central role this subcommittee plays in catalyzing the relationships
between the governmeni and predominantly undergraduate institutions such as Hope

College, and in ensuring that those relationships are productively focused.

My comments reflect my 15 year history as a teacher-scholar-administrator at a liberal arts
institution. I received my undergraduate degree in the biological sciences from St. Mary’s
College in Minnesota and my Ph.D. in genetics from Hlinois State University. In 1976,
following postdoctoral studies at Yale University, 1 became a faculty member at Hope
College, and I assumed the position of dean of the natural sciences at Hope College in
1988. I have worked with undergraduate students contitiuously throughout my career.
Almost one-half of the nearly 100 undergraduate research students from my laboratory
have gone on to professional careers in science after receiving advanced degrees. Over 60

of my undergraduate research students have been women. I speak from experience in the
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classroom and laboratory, and I speak with an understanding of the importance of
establishing institutional priorities for strengthening science and mathematics programs.

I am particularly excited about appearing before this committee and for having the
opportunity to express my views on issues dealing with this particular topic, the education
of women and minority students in the sciences. This is topic of special importance to me.
I have dedicated a significant portion of my energies to this need and I pledge to continue
my efforts. Hope College is committed to meeting the needs of women and minority
students. Approximately 60% of Hope students are wo.nen, and we are located in a
western Michigan community that boasts a strong Hispaaic heritage More than 25% of
the local high school students are minority students. Let me cite some examples of our
recent endeavors to enhance opportunities for women and minority students in science.
With suppon from the GTE Foundation, and building upon the success of two previous
NIH Minority Student Research Apprenticeship Program awards, we have developed a
program to provide local minority high school students with an extensive exposure to
science and math.ematics by providing them with enhanced learning opportunities, in the
summer and academic year in english, mathematics and science, and by incorporating them
into the research laboratories with Hope facuity and students. This program interfaces
with an existing Upward Bound Program which is designed to increase the probability that
women and minority students will attend and successfully finish college. These programs
have proven remarkably successful. For example, all of the students who participated in
either the NIH or GTE programs have enrolled in college and the six students from our

first year of the program have all graduated college with a degree in science. We are now
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in a new phase of our program and, with recent support from the Howard Hughes Medical
Institute, we will expand our efforts to reach more students. Hope College has also
established a partnership with the University of Michigan to provide qualified minority

students at Hope with funding at both institutions, priority admission for graduate study at

the University of Michigan Medical School and research opportunities on both campuses.

In addition, we have recently developed a recruitment and retention program for women
and minority students that involves a faculty member as a special science recruiter to assist
us in encouraging these students to attend Hope College and other faculty members as
mentor-leaders support groups for minority students which they can utilize throughout the
four years at Hope College. I must emphasize that Hope College is a co-educational
institution that is not blessed with a high enrollment of minority students. Nevertheless, we
are an institution that is dedicated to making changes that will enhance opportunities for
our women and minority students in science and mathematics, that will encourage more
women and minority students to pursue highcr education at Hope and elsewhere, and will

enrich the bond between Hope College and the surrounding community.

Today in this Oversight Hearing on traditional and nontraditional sources of future
research scientists I would like to emphasize three points and make the following

recommendations:
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Point 1). The recruitment and the retention of women and minorities into science

at the undergraduate level;

RECOMMENDATION:

RECOMMI™ T-ATION:

Increased resources be allocated to the NSF Curriculum and
Course Development Program. Special emphasis must be

placed on entry-level science and mathematics courses and

programs that seek to develop multiple entry points for

students into science and mathematics curricula. Because of
the wealth of institutions seeking to change to meet future
needs for women and minority students, many smaller
awards should be given rather thar fewer, centralized large

awards.

Increased attention must be palid to establishing connections
between colleges and the elementary and secondary school
communities. Programs must be continued to be shaped so
that students are made aware of the possitilities and
excitement of scientific careers well in advance of their
college years. This {s the first, important step in

recruitment.




Q

ERIC

PAFullToxt Provided by ERIC

135

Point 2).  The central role of all faculty members in mentoring women and

minorities in science;

RECOMMENDATION:

RECOMMENDATION:

The NSF Faculty Enhancement Program should be provided
with increased funding and funds shonld me made available
to support faculty io develop teaching and activities that will

lead to help increase faculty accountability to women and

minority students and will lead to enhanced community for

all students, particularly women and minority students.

Establish a National Doctorate Opportunities Program to
expand existing doctoral development efforts and create
initiatives to increase the number of women and minorities
receiving doctorates. Women and minority undergraduate
students must know that career opportunities if they
respond to our call. Women and minorities play vital roles
in working with students and in helping dedicated White and
male faculty in reaching out to women and minority
students. We need to establish a critical mass of qualified

women and minority faculty members.
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Point 3).  The importance of co-educational and majority institutions to make

commitments to programs that enhance opportunities for women and

minorities in science.

RECOMMENDATION:

RECOMMENDATION:

Institutional Environments must be changed if we are to be

successful in enhancing opportunities for wornen and

minority students. The Research Careers for Minority
Scholars Program is an excellent program that must be
continued and expanded. Programs must be established that
challenge institutions to think comprehensively, and support

institutions in their comprehensive efforts.

THE NSF and other federal agencies should establish
programs thst foster partnerships between \ndividuals and
between different types of institutions to strengthen
opportunities for women and minority science students.
Structures must be implemented to link people and to
provide a network for strategies that work. Monies shonld
be set aside im the course and curriculum program for joiat
projects between minority and majority institutions.
Furthermore, appropriate oversight must be malnmn.ed s0
that different Federal agencies and different arms within

agencies cam act in a coordinate manner.
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We must have a clear sense of what works in science and mathematics education for
women and minority students if the above recommendations are to be successfully
implemented. We must have a clear vision of the problems and the potential of women
and minorities in science and mathematics, and we must have a articulate plan of how all
institutions, particularly co-educational, predominantly majority institutions, can take the
steps necessary to ensure that wornen and minority students on their campus are provided

with the best opportunities for success in science and mathematics.

Science and mathematics are created, transmitted, and applied by people. They are
fundamentally human activities. If this country is to continue having strong science and
mathematics, then human resources - the education and continued engagement of

scientists and mathematicians - is almost the only important question.

It is well-documented that women and minorities are severely under-represented in science

and mathematics carcers. However, while there is general agreement about the
importance of increasing the participation of women and underrepresented minorities in
undergraduate and graduate education in science and mathematics, there is less agreement
about the public and private commitment to provide the financia! resources and to develop
the policy initiatives necessary if the rate of participation of these two groups is to be
improved. The work of the Quality Education for Minorities in Mathematics, Science, and
Engineering is a particularly cogent example of how a joint effort can serve to foster a

restructuring process to meet the needs of our nation's minority students.
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" Studies have shown repeatedly that a significant number of predominantly undergraduate

colleges, including some Historically Biack Colleges and Universities and somz women's
colleges, have extraordinary success in producing graduates able to move easily into
scientific and technological careers. Their success applies as well to minority students and
womer, and this success can be traced directly to the manner in which science and
mathematics education takes place in these colleges. These schools are successful because
they have a common denominator of a strong community-based learning environment.
This is the crucial enabling factor in the success of historically Black ;:olleges and of other
c.olleges that succeed with minority students, and it is also what propels many graduates of
women's colleges to successful careers. Community is attainable by all institutions and it

should be sought as a deliberate goal of policy and design in all baccalaureate learning

environments.

Science and mathematics education succeeds whenever it takes place within an active

community of learners, where students work in groups of manageable size to enhance

collaborative learning and where faculty are deeply committed to teaching, devoted to

student success, and confident that students can learn. This type of learning is never
passive. [t is active, steeped in research and experiential from the very first introductory

courses to the completion of students’ science and mathematics education.

This kind of education simultaneously motivates and empowers students to learn science
and mathematics. It enmeshes students within a community that improves the persistence

of individuals through the continuity of instructional programs.
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POINT 1: THE RECRUITMENT AND RETENTION OF WOMEN AND MINORITIES

The last two decades have broduccd increased numbers and proportion of women and
minority individuals receiving bachelor’s degrees. Sadly, in most areas, the increased
percentages are due more to declines in the numbers of white males majoring in science
and mathematics than to increased participation by women and minorities. The impending
shertage of white male students must not be the reason we encourage women and minority
students to engage careers. Rather we must foster science and mathematics career
opportunities for wormen and science because it is important for them as individuals, and
the wealth of scientific and mathematical knowledge will expand because of their future

contributions.

Of the many factors beyond outright discrimination that contribute to the discouragement

of women and minority scientists, six stand out. These are:

Introductory courses, especially at many large research institutions, apparently
serve to discourage women and minorities at a time when they need most

support.

Women and minority students are a distinct “minority" at every Jevel in most

scientific disciplines, resulting in a lack of a critical mass of peers.

Because of the lack of women and minority faculty members, few same

sex/race faculty role models exist.
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Women and minority students ask fewer questions or are ignored in courses

and engage less often in debate with other students and with faculty members.

Highly competitive grading systems resuit in enhanced frustrations for women
and minority students, and they are more likely to blame their own "lack of
talent" rather than problems in the classroom or teaching climate as the cause

of their perceived unsatisfactory performance.

The high levels of frustrations and competitiveness for research funds among
faculty provide significant discouragement for women and minority students

who are attempting to balance career decisions with "normal lives."

It is relevant to note that all of these factors suggest something about self-concept or self-
image. Thus programs and curricular endeavors that are encouraging rather than ~
discouraging, that. "cultivate” talents rather than "weed" students, and that promote
opportunity and creativity rather than depress career choices and individuality will be the
only programs that will succeed in developing a cadre .of women and minority scientists

and mathematicians who will be vital human resources for the future.

We must concentrate first on courses in the general and introductory area. This is the first

place we can make the quest reforms. We have women as entering students and most of

our students have minorities as first year students. We must grasp foster their creative

energies from the very first day and encourage them in this formative stage of their
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education if we expect to have a meaningful impact on their career development in science

and mathematics.

We must also focus energies on improving elementary/secondary school connections,
Volumes have been written about the decline of science and mathematics awareness and
abilities of our elementary and secondary school students. Curricula are often out of date
and it is rare that students have the opportunity to participate in hands-on experiences that
enrich their awareness of science and mathematics and make these disciplines a reality in
their lives. Those of us a colleges and universities cannot lament our fate and allow the
various sectors of pre-college education to shoulder the entire burden alone. We must
find creative ways to improve our connections with local schools and school districts and
devise creative strategies to bring all students, particularly women and minority students, to
a stage where science and mathematics career opportunities become an expectation rather

than an unattainable dream or, in more dire situations, a nightmare.

The disgraceful situation of the small number of women and minority students who are
attempting to pursue science and mathematics degrees at majority institutions can be
corrected. Science and mathematics departments must implement constructive plans to

alleviate the multitude of problems that exist. We must envision introductory courses as

an opportunity to recruit. Multiple entry points into science must be developed within

each institution. These avenues that allow students different routes through the curriculum
to enter science programs are essential if we are to provide opportunities for students with

diverse backgrounds. Group-learning and research opportunities for students must be
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established and maintained to help to sustain students in college, peey-support group

structures must be devised, and communitigs of learners must be nurtured.

As Shirley Malcolm of the AAAS said at the Project Kaleidoscope National Colloquium,
"Women and minorities are the miner’s canary signalling deeper problems in our
programs. If we do not rethink programs and if we continue to depend upon tired

strategies of weeding we will certainly face a troubled future.”

Clearly, individual academic institutions must shoulder a significant share of the
responsibility for change to a system that will be supportive of the needs of women and
minority students in the sciences and mathematics. However, beyond a commitment to
change, fiscal support for that change must ve made available. The NSF-Undergraduate
Curriculum and Course Development Program is one key to success. The demand and
need for this program has been well-demonstrated, but resources availability has been
limited. This prc;gram must also have multiple foci. There must be a balance between the
large, systemic change efforts that are proposed with those affecting institutions of all kinds

- serving a diversity of students.
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RECOMMENDATION

I propose that more resources be allocated to the NSF Undergraduate Curriculum and
Course Development Program, with special emphasis given to supporting efforts to
address problems with entry-level science courses that will serve to cultivate rather then
discourage student talent. Furthermore, recognizing that students of promise come to us
with different backgrounds and levels of preparations, I propose that many awards of
various size be given, rather than fewer, more centralized awards. Many institutions have

the dedication, creative energies and vision necessary. Seed monles provide ° tn a

dispersive fashion will provide rich rewards for women and minorities nationwide,

The development of strong student-faculty relationships is an important component for the

success of women and minority students. While it is easy to envision how women faculty
or minority faculty members can, and do, provide significant role models for women and
minority students, it is important that all science and mathematics faculty be sensitized to
the part they must play in the success of all students. This must happen on all campuses.
Male, majority faculty automatically provide role models instrumental to the success of
male, majority students, These faculty must learn to do so consistently and effectively with
women and minority students. They must learn to look at women and minority students
when they give lectures, they must call upon these students and expect the students to

answer questions, and they must let them know of such expectations. Confidence and

13
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expectations must be transmitted to all students. Faculty must work to discarc' beliefs that
minority students cannot do science, because this attitude cannot be hidden frem the

students and therefore will be fulfilled.

Male, majority faculty must be willing to serve as mentors and must not expect the few
women and minority faculty at an institution to take care of all women and minority
students. Majority faculty too can be effective role models. If White faculty at Historically
Black Colleges and Universities and male faculty at women’s colleges can serve as role
models for Afro-American and women students, White male faculty at majority institutions

can do the same.

A student who has the good fortune to be a member of a science learning. community or a
partner in a research collaboration is learning more science and has a significantly

enhanced chance for a successful scientific career. College faculty must recognize that

they are the bridges to the future for their students and that they are pivotal to the success

of the learning community. Faculty must help women and minority students see
then;sclves as part of the community of science. That means that faculty must be able to
recognize themselves as an integral component of that community and then help students
to develop her or his own individual understanding of the nature of the community by
understanding the faculty members vision of the community. Science departments must
foster the same kind of natural science communities for women and minority students as
they do for majority students. Only in this way will we increase the numbers of women

and minority students who gravitate towards and remain in science.
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Creative activity must be fostered in teaching and learning, as it is in basic disciplinary

research,
RECOMMENDATION

I propose that the NSF Undergraduate Faculty Enhancement Program be provided with a
significant increase in funding, and that these funds be made available for the support of
faculty in developing activities and modes of teaching that will lead to enhanced
community for all students, and especially for women and minority students, revitalized
teaching, and innovative curricular design. For example, by providing opportunities for
White, male undergraduate faculty to work with women or minority teacher/scholar
colleagues at other undergraduate institutions for the purpose of synergizing and
revitalizing teaching efforts, the NSF will foster ingenuity and transfer creative energies

throughout our nation.

Poiut 3.  THE IMPORTANCE OF COMMITMENTS BY CO-EDUCATIONAL AND
MAJORITY INSTITUTIONS TO ENHANCE OPPORTUNITIES FOR
WOMEN AND MINORITY STUDENTS IN SCIENCE AND MATHEMATICS

As | indicated previously, there is sound and understandable evidence that women’s
colleges and institutions with a significant base of minority students have exceptional
records in attracting and training women and minority students and recruiting them into
careers in science and mathematics. There is also a growing wealth of evidence that many

co-educational and majority institutions also have a significant record in attracting, and
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sustaining, women and minority students in science and mathematics. Those institutions in
this latter category that have proven most successful include the independent,
predominantly undergraduate colleges that already are major players in undergraduate
science and mathematics education for all students. Because theirs is a teaching rather
than a research-driven mission, these institutions are constituted in ways that enhance the
approach to science and mathematics teaching and learning that works well for all
students. What works is community based learning, a commitment to meeting each
student’s needs on an individual basis, and a faculty dedicated to student learning.

While this kind of teaching and learning is in some ways more expensive than other less

effective modes of instruction, insufficient commitment is generally a greater barrier to

success than inadequate resourees.

There are many averi.es through which all institutions can reach out to the nceds of
women and minorit; students. They include: building an attractive and hands-on
curriculum; providing multiple entry points into that curriculum for students; promoting
and nurturing group learning among students; gxpecting, recognizing and rewarding faculty
for teaching accomplishments in addition to scholarly accomplishments; working with all
faculty to enhance their awareness of needs of women and minority students and providing
a support structure for faculty and students alike: and helping all facuity to become role
models who encourage al! students, including women and minority students. to see the
wealth of opportunities before them as they pursue their interests in science and

mathematics.

16
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Co-educational and majority institutions must also seek creative partnership opportunities
to enhance their ability to succeed with women and minority students. Creating and
sustaining partnerships not only cxtc;'lds the reach of individual institutions, but also gives
participants a sense of being part of a larger vision, of being a piece of the solution to a
national problem. Partnerships help sustain attention on issues which require long-term
effort; they motivate faculty and administrators to effective action; and they create wider

recognition and reinforcement of local successes.
Our experience at Hope College, a liberal arts institution of 2700 students, exemplifies the
importance of partnerships in building enhanced educational opportunities in science for

women and minority students. Let me give you three examples.

Hope College has entered into a partnership with the University of Michigan Medical

School in which we jointly provide financial spensorship for mi'non'ty students for

undergraduate studies at Hope College, for summer research at Hope College and the
University of Michigan Medical School, and for guaranteed admission and scholarship for
graduate study in the biological sciences at the University of Michigan Medical School

following receipt of the Hope College degree.

A second example involves partnerships that improve student interest in science at the
elementary school level. Our Partners in Science Program, funded through a generous
grant by the Kellogg Foundation and supplementally supported financially by Hope
College and the three local school districts, allows in-service elementary school teachers to

work side-by-side Hope College students who envision a career in teaching. The teachers
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and students take classes together, do joint hands-on work in laboratories and together
bring hands-on laboratory modules back into the elementary classroom for the students.
Included in this program are special Saturday and evening sessions for young girls or for
minority students and their families that emphasize opportunities in science and encourage

these students to pursue careers in science and mathematics.

Lastly, along with nine othes liberal arts institutions (Beloit College, Carelton College,
Grinnell College, Kalamazoo College, Knox College, Macalester College, St. Olaf College,
Rhodes College, Trinity University) and two distinguished private universities (The
University of Chicago, Washington University-St. Louis), we are members of the Pew Mid-
States Consortium for Science and Mathematics. Collectively, and with significant funding
from the Pew Foundation, we have developed programs that enhance curricular

development as well as research opportunities for students and faculty, and provide an

expanded base of learning opportunity and faculty mentorship and vitality for our women

and minority student constituencies.

These are but three examples of partnership cfforts that have significantly strengthened
educational opportunities at Hope College for women and minority students while
simultaneously helping all students to enrich their vision of careers in science and
mathematics. They are also examples of creative opportunities available to all institutions

serious about developing synergistic approache. to catalyze the teaching of women and

minority students.
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Support for partnerships should be 2 high priority for public and private funding sources
for science and mathematics education, In fact, the public and private funding sources
must participate as partners with one another as well as with academic institutions to

provide the necessary resources to support the united vision of different institutions.

RECOMMENDATION

I propose that the NSF and other federal agencies look towards establishing programs
that will serve to foster partnerships between institutions of diiferent types. For example,
partmerships between co-educational and women’s colieges, or partnerships between

majority institutions and predominantly minority institutions can become keys in

establishing mechanisms for enriching educational avenues for all students, and

particularly for women and minority students.

Lastly, I urge that appropriate cversight continue to be strengthened and provided so that
different Federal agencies, and different arms within individual agencies, are not in direct
competition with one another and are coordinated in a fashion that allows synergism of

effort rather than a fragmentation of venture.
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Among the many lessons learned from the Project Kaleidoscope endeavor is that faculty

and administrators alike are eager to be involved in national efforts to reform
undergraduate science and mathematics education. These same individuals are equally
eager to develop and sustain programs that will foster science career opportunities for
women and minority students on their campuses. The road is hard, but the will is there.
Along with my colleagues at predominantly undergraduate institutions, I look forward with
enthusiasm to sharing our vision about "What Works" for women and minority students on
traditional co-educational and majority campuses with the NSF and other federal agencies

and to forming partnerships that will allow us to develop that vision to its fullest potential,
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Mr. NaGie. If I were a cynic, and I am not, I would take the tes-
timony of all of you collectively, which was well done and which
was well prepared—it was a pleasure to have the last two panels in
here that have obviously not only written their own thoughts but
brought other scientific thought and data to us, it's very valuable
and I'm sincere in that. :

But it sounds to me like I should go back to the University of
Iowa, which I also represent, or Stanford, and tell them to quit
trying to do undergraduate teaching, and focus all of our resources
on small colleges, minority based, perhaps, because the success sto-
ries told by Dr. Stokes and Dr. Cole are quite good.

Are we at a point where the larger universities really should just
butt out of this effort? I gather we are getting a lot more success at
your level than we are at the University of Iowa. And I'm not
saying anything I haven’t told the University of Iowa. They’re not
going to be in the district next year, either. [Laughter.]

I mean, I'm for courage, but not suicide.

Dr. Coik. If I could respond to this one, Congressman, no, that is
not what we’re saying, not from my point of view. We are not talk-
ing about either/or. We are not talking about taking from or dis-
couraging the research universities from continuing what they are
doing with research and also teaching.

What we are saying tgdyou is that there is a sericus problem in
this country with the production of scientists and engineers in gen-
eral, and minorities and women, especially so. The problem is of
such major proportions that if we are going to be able to begin to
turn that around to address it, we have to give additional resources
where the track record and commitment has been greatest.

Mr. NaGLE. The thrust of your testimony, I think all of you col-
lectively, the thrust of your testimony is that those resources, while
they should be small programs and they should be diverse—I un-
derstand that and don’t disagree with it—they also should be fo-
cused predominantly at small universities and smailer institutions,
minority institutions and women’s colleges, since that's probably
where we are going to have the greatest success.

Dr. CoLe. Those resources—in terms of those outcomes. The grad-
uate education in this couniry is the best in the world. One of the
reasons is that there are some good things that are done at the
Federal agencies in terms of how they dispense research funds. So
we are not talking about changing that, especially.

What we are saying is that we also have another kind of problem
that we need to make sure agencies target resources where they
will have the greatest chance of success. If there are institutions
that historically know how to approach this particular problem,
then resources ought to be directed there to focus on this particular
problem.

Mr. NAGLE. Dr. Stokes?

Dr. Stokes. I would like to continue with that line, in that I
think we are all saying the same thing. There are roles for both
large and small institutions. A common line between the Project
Kaleidoscope report and the report that was issued through the Or-
ganization of Life Science—the coalition—was the absence of link-
ages of information and potential between large and small and the
role professional societies can play.
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I will give you an example. For example, the ASM has over
38,000 members. Through our program, the minority focus pro-
gram, funded by the NIH, our MSSCSP program, we are able to
take applications from minority individuals at both large and small
institutions and give those individuals, these undergraduate stu-
dents, exposure to science, to research atmospheres, in an environ-
ment which they themselves would not have an opportunity to
take part in.

It is that sort of potential of the professional societies that I
would like to stress which we as professional societies can bridge
between large and small institutions. It is quite clear that teaching
is the main focus at the small institutions.

Teaching is becoming a major focus, an increased focus, at the
larger institutions. Part of our report was the emphasis that
reward for teaching should be equivalent to, or given greater re-
spect, in terms of promotion, at large institutions as it is at smaller
institutions.

I think those are the responsibilities the institutions themselves
have to tackle. However, the function of professional societies is to
somehow bring the resources of the small ones and large ones so
we can work best with what we have.

Mr. NAGLE. I have the feeling, and I haven't seen the data done
on it, I have seen data that indicates that we wash out, change
majors, would-be scientists and mathematicians at a higher rate
than any other major that walks into a four-year institution. That
I know, I have seen the data on it.

But I suspect that if I went to the larger research institutions
that are attempting to do undergraduate work, the reason those
statistics are so high is because the wash-out rate at those larger
institutions is so great, and I am almost tempted to tell anyone
who wants to be a scientist or mathematician they should go to
Grinnell, go to Luther, or to Hope, rather than elsewhere.

I still worry about that woman student or Black student or His
panic student in the back row in a class of 500, being taught by a
graduate assistant. Some of the testimony you gave—I recognize
you are the ones best suited to solve the problem. Is there anything
we can do on the other half of this, anything we can have larger
institutions do differently than what they are doing?

. Dr. GenTire. I'll take a stab at that. I think one of the issues
m—-—.

Mr. NaGLE. Because the students are still going to go there.

Dr. GenTILE. Right. And unless we change something at those
very large research institutions that have huge numbers of stu-
dents—the University of Michigan has well over 40,000—we really
are not going to make a significant dent overall in the population
nationally. But I think what we must do is work within the change
of philosophy of undergraduate education that seems to be preva-
lent at a lot of those institutions.

There is a lot that perhaps some of the liberal arts institutions
and the predominantly minority institutions and the women’s col-
leges can teach one another as well as teach those institutions
about what works. Partnerships can be established. I gave two ex-
amples of how we are involved with partnerships with three differ-
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ent research institutions, one of them a state school and two of
them private.

There are programs that work. There are things we can teach
them about what works if they have the commitment to learn and
the commitment to change. And I think that is where resources
could be put into those institutions, once they have that commit-
ment to work for change.

But just putting resources into the old tried and true methods of
education that have proven remarkably unsuccessful to this point
in time for women and minority students really is not the best way
to go.

Dr. O’Brien. I would just second that, and say that I think there
has been a tendency to think in education that all of us could do
everything well. An institution like Hollins College that has a fully
female undergraduate student body does not have a large minority
population. At this point I would not encourage Hollins to be look-
ing for funding for minority activities. It doesn’t do that well.

What it does well is women'’s education. And it is to reward those
endeavors that makes the most sense, to put the efforts into fund-
ing programs that have been shown, emphaticaliy, statistically, to
work for us. I don’t think that necessarily suggests that other insti-
tutions cannot develop their own programs.

Mr. NaGLE. I met with a group of scientists at the University of
Iowa. The phrase now is “dead at 30.” That means if you are scien-
tists, you have a Ph.D. and if you don't get a grant by the time you
are 30 years old you are academically dead.

I met with the head of the neurology department here a few
weeks ago, and there is an inordinate amount of time spent chas-
ing research dollars, and it almost seems to preclude the resources
to do undergraduate education under the current system. It is
almost like you have to be teaching or you have to be in research
and purport to be teaching, because it looks good on your curricu-
lum. But you are not really getting it.

Is there a way out of the problem, or is my perception in error?

Dr. O’'BriEN. My sense from being an undergraduate researcher
and teacier for 12 years is that I was working 80 to 90 hours a
week trying to do all of those things. And you tack on the issue of
mentoring, which is very important for women students. The job
almost becomes undoable.

I think there needs to be a message that first of all those types of
activities that include the breadth that liberal institutions have are
very well appreciated. Dr. Light, in the previous testirnony, was
talking about reward systemns. You need to have incentives built in
for young faculty in particular.

You talked about the age 30 problem. There is also what I would
call the age 40 problem which is that if one does not retrain into
211:0 more modern techniques in some of these fields you are out.

So it is something to appreciate, it is a burdensome profession to
go into, and again as Dr. Light said, it has been the Calvinist socie-
ty ethic that has gotten us through this. Those of us that go into it
do have work etg.ics that are pretty extensive. If the reward is
there, I think it's a very valuable profession.

157
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Dr. GentiLE. I would like to echo absolutely all those remarks
and point out something. It doesn’t become a very good thing to en-
courage young students, when you talk about being dead at 30,
they say they want to go into science and we talk about the possi-
bility of not having a career at age 30 or 35 or 40.

I don’t want to change the mission of research institutions. I
think they have a fine mission and they should continue that mis-
sion, and they should work it well. But when we get to the point
that NSF panels and NIH panels beceme surrogate tenure and pro-
motion committees for our academic institutions, I think we have a
very difficult time ahead of us.

And we are not offering a very promising career to young stu-
dents, whether they be women, Black, Hispanic, or White, as they
want to seek an academic career in science and go on to become a
professional scientist.

So I think what we are really looking at is perhaps an overall
understanding of what it means to be an academic institution and
each institution is going to have to look very seriously at their mis-
sion and perhaps redefine that mission in some cases.

Mr. NacLe. Just as an aside, totally as an aside, because I don't
want to get into it, but you dare not attack the peer process. Every-
one is in favor of the peer process. So I think at some point I would
like to explore whether or not the way we are implementing the
peer process, particularly on research grants, is necessaiily as pro-
ductive as it should be.

I think people burn up more time filling out forms and evaluat-
ing other people's projects than they are—but you can’t even say
that, because it implies that you are against the peer process. But
that was an aside.

Let me ask you this. Where do the teachers come from? Where
are the teachers going to come from? We are talking about scien-
tists and mathematicians going into industry and everything else.
It seems to me there is also a shortage in terms of undergraduate
faculty.

Has there been any discussion in your circle in terms of that?
Who is going to teach the women students, assuming we do a good
job? Who is going to teach the students period? Is there effort of
conversation or direction within your circles in terms of that?

Dr. CoLe. No, that’s precisely why we are talking about focusing
resources and additional energies on producing more, in this case,
minorities, who do go through the system and obtain Ph.D.s so they
can be part of those who are replacing the World War II babies
who are going to be retiring soon.

We talk about not having enough scientists and engineers in the
work force, our faculties are also in 10 years going to be in serious
need of replacements, because of people who will be retiring soon.
So if we are not addressing those issues right now in terms of pro-
ducing more, we will be having increased difficulties in finding
qualified faculty who will teach minorities and women and who
?lso will fuel the economy that is required for our technical work

orce.

Mr. NaGLE. Anybody else?

Dr. Stokes. That’s a very difficult problem in terms of science
education, who will be the teachers. Unfortunately, at the larger
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institutions, it is the faculty that teach and one of the primary cri-
teria is their potential to draw research funds and to gain profes-
sional recognition in the scientific community. The criteria for
using teaching or the ability to teach as a primary factor for the
hiring of new faculty does not take a high priority in the selection
of faculties at the larger institutions.

I am certain some of my colleagues at GW and other larger
schools would say that many of the junior faculty are quite ade-
quate and capable at being instructors, but it is quite clear too that
many of us who have come through the Ph.D. system realize that
other than those who have majored in education, we are not pri-
marily trained as educators, but trained as researchers. You ac-
quire the ability to teach by trial and error, or through the years
in a faculty position.

Mr. NaGLE. Let me ask a question, my rule is when I don't know,
I ask. It’s a bad question and I apologize. You mentioned, Dr. Cole,
about people who were going to become Ph.D.s. Is it necessary that
our faculty be Ph.D.s in order to teach undergraduate science? Do
you have to have a doctorate?

Dr. CoLs. It is preferable. It is not necessary. Some of the finest
teachers I have ever had have been people who did not have
Ph.D.s. But we are talking about a level of experience that goes
beyond just the ability to communicate facts and figures. We talk
about the importance of the discipline that is traditionally involved
in the training of scientists and engineers, and that that has to be
passed on to the next generation and be improved upon.

So it is an important part of the basic training we expect to have
at the undergraduate and graduate-levels.

Now, it’s a whole different question when you talk about high
school. Because the problem is very serious there, across the board,
not just in science and engineering. But we are not producing
enough minority teachers for the public school system as well. And
that’s another function of the undergraduate experience.

Mr. NaGgLe. But is the focus of the curriculum, once you start
down the science or math major path, that you are automatically
going to be expected to pursue a Ph.D.? Are we setting out a seven-
year road or a ten-year road? I like Ph.D.s, I have nothing against
Ph.D.s. Some of my best friends are Ph.D.s. [Laughter.]

But I would like a few more M.As. walking around, too.

Dr. O’BriEN. It is certainly not an expectation at the two liberal
arts institutions I have been at. I think the primary purpose is edu-
cating in the sciences for the defined career goal that an individual
has. One of the interesting things about obtaining a Ph.D., as I'm
sure ever;ybody would agree, once you get there you realize, “Gee,
is this it?”

It is not the degree that gives the brains or the creativity. It is
the process you have been through, the means to the end. It cre-
ates the understanding of science.

I believe it was Mike Doyle who mentioned earlier the failure in
science. It is critical to understand what it means to fail, and per-
haps fail over a period of months or years to really understand
what scientific research is, which is the nuts and bolts of what we
understand to be taught in a classroom as science fact.
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So in the sciences, I would say for the undergraduate level, a
Ph.D. is very preferable because of understanding the process of
creativity.

Dr. Stokes. Another point, Congressman, is that at least in the
large institutions, and probably in the small institutions, a com-
ment was made earlier that students at the undergraduate level
decide in terms of their careers. In actuality, the decision is made
prior to their undergraduate years. We are talking about high
school and elementary education level.

Students who lack the basic preparation are almost earmarked
to go into programs or curricula at the undergraduate level which
divert them from scientific careers. Those who lack the experience
in science and math at the high school level and junior high
schools are almost automatically self-selected out of science, even
people who have the potential.

So the National Science Foundation and others should reaily
take a hard look at not only undergraduate but prior to that, the
elementary level, especially in terms of women and minorities.

Mr. NacLe. The statistical dropout, students who express interest
by the eighth grade, is just staggering. I want to take one other
track for the record, because Mr. Wolpe and I want to know, be-
cause I have raised these questions before, but a major problem
with minority colleges and universities seems to be financial.

A witness on the first panel suggested that a matching funds re-
quirement for the Instrumentation and Laboratory Improvement
program be decreased from 50 percent to 35 percent. Do you have a
regponse or reaction to that? Is that a direction we should consid-
er’

Dr. GenTILE. I would like to make one comment on that. I think
that would be fine, as long as that program were increased in fund-
ing so that we didn’t actually wind up spending more NSF funds
on fewer grants.

Dr. CoLe. Yes.

Mr. NaGLE. I'm not a rocket scientist, but I figured that one out.

[Laughter.}

Dr. GenTILE. I thought it would be good to get it down some-
where on paper, though.

But I think in general that could be very beneficial to institu-
tions in providing creativity. Right now it is very difficult to tell a
young dynamic faculty member that we can’t support a $100,000
match for an NSF grant, that we will have to wait a couple of
years. That’s really throwing cold water on someone, and it is very
discotgaging. So with that caveat, I think it would be a good ap-
proach.

Mr. NAGLE. Dr. Cole? Dr. Stokes? Dr. O’Brien?

Dr. CoLE. I would agree. Any movement in that direction certain-
ly would be an incentive and would be of assistance to institutions.
But let me just say that the notion of the matching fund require-
ment is a good principle. Because it does help leverage Federal dol-
lars with non-Federal dollars, and I think that’s a good practice.
We have been able to take advantage of it.

Mr. NaGLe. I would almost go further, though, I would almost
have an offset on some of that, maybe 50 percent. I don’t know if I
wouldn’t develop the criteria of cashworthiness of the institutions
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as to who has to do 50 percent or the 35 percent. I could get a little
bit around the funding problem in that regard. I think we did that
on a couple of undergraduate programs. But the other reactions to
it—Dr. Stokes, Dr. O'Brien?

Dr. O’Brien. Certainly the requirement for matching funds se-
lects against those institutions that do not have the ability to fund
it through an operating budget. And I think for that reason I
would favor decreasing from 50 percent to 35 percent. Again, [ am
concerned that the overall budget be increased to offset that.

Dr. StokEs. | would agree.

Mr. NacLE. Well, we're safe, he’s back. Let me turn it back ove:
to the chairman. ] have enjoyed your testimony very much. But I
have to tell you, I leave it disturbed. Because the thrust of what
you are saying is, let's put the money where the ones that are
doing the job are getting it done. And I agree with that.

But it is a bit disconcerting when you realize that in essence, we
are looking at our larger universities and seeing that they are not
doing the job. We don’t really have an idea of how to get them to
do the job under the current system. That is not your fault, but
that is a disturbing trend.

Mr. Worpe. Thank you very much, Mr. Nagle, for taking the
chair. I'm terribly sorry I had to absent myself. I have of course
read all the written testimony. This is excellent, and it is disturb-
ing. But the good news is, of course, as was indicated by Dr. Cole,
we know what needs to be done. The issue is trying to make it
happen at this point, and putting the kinds of resources behind
programs that do work at this juncture.

I understand you went through the questions that we as a com-
mittee wanted to be certain got asked for our record. I will not ask
additional questions at this point. I do want to express my appre-
ciation to all of you for your very important contributions. Thank
you.

Mr. NacLe. Thank you.

Mr. WorpkE. I should alert people that we may have a vote short-
ly, but I want to at least get started with our third panel. I would
lili)e1 to invite Dr. Williams and Dr. Chubin to come to the witness
table.

On our final panel, the first witness to testify will be Dr. Daryl
Chubin, Senior Analyst and project Director for the Office of Tech-
nology Assessment’s Division of Science Education and Transporta-
tion.

Dr. Chubin was project director for the well-respected 1988 OTA
report entitled “Educating Scientists and Engineers from Grade
School to Grad School.” We have asked Dr. Chubin to compare the
findings and recommendations of the Project Kaleidoscope report
to those of the 1988 OTA report. We look forward to his analysis.

Our last witness in this hearing today will be Dr. Luther Wil-
liams. Dr. Williams is the Assistant Director of Education and
Human Resources of the National Science Foundation. All the un-
dergraduate programs at NSF that we have discussed today fall
under Dr. Williams’ purview. I am most interested in learning of
NSF’s reactions to the recommendations of Project Kaleidoscope
and to the witnesses’ comments that were made earlier today.
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In addition, we would like to discuss with Dr. Williams the plans
NSF has for taking concrete steps toward strengthening science
education at the undergraduate level.

We will enable both of you to speak for a little more than the
five-minute allocation, since we have a smaller panel at this stage.
But again, we will ask you to summarize your remarks and your
entire written testimony will of course be a part of the committee
record.

At this point, I would like to ask if either of you have any objec-
tion to being sworn in.

[Witnesses sworn.]

Mr. WorrE. Dr. Chubin, would you like to go first?

TESTIMONY OF DR. DARYL E. CHUBIN, SENIOR ANALYST,
PROJECT DIRECTOR, SCIENCE EDUCATION AND TRANSPORTA-
TION, OFFICE OF TECHNOLOGY ASSESSMENT

Dr. CuusiN. Good afternoon.

Mr. Chairman, three years ago, OTA reported that “* * * liber-
al arts colleges are unusually productive of future Ph.D. scientists
and engineers. Predominantly women’s colleges and historically
Black colleges and universities provide role models and supportive
environments for smaller, more homogeneous populations. Like the
research colleges, the value they place on teaching is reflected in
the educational success and aspirations of their graduates.”

While mathematics, science and engineering must be understood
as “all one system”, the role of undergraduate education in grow-
ing future research scientists cannot be overestimated. It is a time
of significant talent loss and requires special attention. To increase
participation in fields where groups have historically been under-
represented, policy intervention is required. Therefore, targeting
certain segments of the student population and devising recruitment
and retention programs are necessities.

Forward looking institutions of higher education, the “cultiva-
tors,” recognized this long ago. They also found that what works
for targeted populations seems to work for everyone. The key is
converting the institutional leaders, those with traditionally high
student attrition rates, into cultivators, by adjusting the learning
environment.

Project Kaleidoscope is dedicated to mentor and peer support to
promote educational achievement, in large part because NSF un-
derstands that human resources are a main business of the Federal
Government.

The issue facing Congress, however, is not discovering “what
works,” but rather deciding how to invest scarce dollars in the dis-
semination and replication of what works. To this end, Congress
seeks evidence of the effects of NSF programs on the recruitment
and retention of students in technical majors.

Let me comment briefly on Project Kaleidoscope and then turn
to NSF’s role. Based solely on OTA’s reading of Project Kaleido-
scope’s Volume 1 report, this NSF based project seems to have
demonstrated what constitutes a supportive college culture. The in-
stitutions involved point the way to success. How to export this suc-
cess to other institutions is now a challenge.

€2
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Project Kaleidoscope concerns a diversity of intervention modzls
and shows how key ingredients of undergraduate science teaching
and learning can take root in different institutional settings. The
recommendations in Project Kaleidoscope’s Volume 1 reflect a
hearty appetite, including budget increases for NSF's education
and human resources activities.

Thus, Project Kaleidoscope’s call for an NSF facilities program to
meet broad needs must reflect its belief in partnerships. Partner-
ships mean that institutions arrange to share the purchase and use
of instrumentation and equipment, rather than fund such needs on
each college campus. At ninimum, a plan for sharing of infrastruc-
ture by ICO member in.titutions should be submitted to NSF to
demonstrate how the partnerships created through Project Kaleido-
scope would increase the utilization of facilities for instructional
purposes.

Project Kaleidoscope is also about perseverance in crafting and
implementing models to emulate, as well as generating the re-
sources to sustain such models. Educational institutions need prac-
tical advice on replicating what works. These institutions are the
primary audience for Project Kaleidoscope’s results.

While Volume 1 presents a diversity of examples, the independ-
ent Colleges Office should now focus on moving beyond descriptions
of these and other ongoing Project Kaleidoscope experiments. We
all need to know the pros and cons of running new programs based
on new models.

Useful too in the Project Kaleidoscope volume yet to come would
be some statistical information, provided at least for participating
institutions featured in Volume 1, and outcomes relative to the
four declared initiativ. s of Project Kaleidoscope.

What then should be NSF’s role in supporting Project Kaleido-
scope and similar projects? First, OTA believes that while Federal
agencies can seed programs and showcase successes, they cannot
dictate what educational institutions should value and reward. The
Federal Government can at best be a catalyst in changing faculty
approaches to pedagogy.

Second, NSF’s research directorates and the research universities
that form their primary clientele receive by far the largest
amounts of funding and correspondingly have the largest research
infrastructures. Unfortunately, these institutions have not readily
shared resources with smaller schools. Without better cooperation
among educational institutions in the nurturing of research scien-
tists, Project Kaleidoscope's vision of ‘“natural science communi-
ties”” will be difficult to achieve.

Third, NSF must look at Project Kaleidoscope as well as its other
programs intended to integrate education and research missions in
terms of outcomes. This is not simply a matter of accountability. It
is an opportunity for organizational learning and the transfer of
those lessons. In an era of the President’s and governors’ national
education goals, the FCCSET committee’s By The Year 2000 report,
and the mounting clamor for K-12 standards, assessment and ac-
countability, NSF should routinely collect and analyze information
about the performance of programs it supports. This is an overrid-
ing part of educational oversight.

1&2
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NSF should thus be prepared to respond to inquiries from Con-
gress and others about changes due to their programs.

Finally, OTA applauds what NSF and the Education and Human
Resources Directorate is seeking to accomplish in undergraduate
science education. In closing, OTA would ask, is the Project Kalei-
doscope model an NSF educational priority? Where does it fit along
the panoply of education and human resources programs?

What would NSF suggest is the most constructive role Congress
can play, aside—I emphasize the word aside—from the provision of
more funds? And how would the fiscal year 1993 budget requests
for instructional laboratory equipment and for course and curricu-
lum development recommended by Project Kaleidoscope change if
the total proposed increase for NSF were to be one half, or for that
matter, twice that proposed for fiscal year 1992?

To put it another way, are these items such high priorities that
they should be insulated from the vagaries of the budget?

Thank you, Mr. Chairman.

[The prepared statement of Dr. Chubin follows:]
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Thres years ago in teetimony before this Commiites on the then-new OTA repott, Educating

Scientists and Engineers: Grade School to Grad School, we noted that:

... liberal ants colleges . . . are unusuaity productive of future Ph.D. sclentists and engineers.

Predominantly women's: colleges and historically Black colleges and universities provide role

models and supportive environments for smaller, more homogeneous populations. Like the

research colleges, the value they place on teaching is reflacted In the educational success

and aspirations of th s graduates.! [See exhibit 1.]

If snything, the role of these unda(gmduato institutions has grown as contributors to the
Natlon's science and engineering work force. And the conclusions of OTA’s 1988 analysis of
"productive environments” (exhibit 2) remain valld today. While mathametics, science, end
engineering sducstion must be understood as "alf one systam,” the role of undergraduetes
education In growing future ressarch sclentists cannot be ovnnmphnlud.' Congress’s cument
emphasls on the K-12 segment of the system tends to subordinate the college years as a critical
transition, but it Is e time of significant talent loss and requires special interventions. (For some

students it Is the first chance to exparience sclence-as-process, "hands on® with a caring, often-

Inspiring facuity role modat.) OTA's policy options — then as now — highlight attention to three vital

" areas for renewal and reform of the system: recruitment, retention, and the role of the Federal

Government (exhibit 3).

Tha Federsi Role
The National Sclence Foundation (NSF) has baen the fount of Federal leadership in sclence
education. Long before today's focus on the Independent Coileges Office (ICO) and Project

Kaleldoscope (PKAL), or on the 1986 Neal Report,2 NSF was a catalyst in spearheading a variety of

! U.S. Congress, Office of Technology Assessment, Educating Scientists and Engineers:
Grade School to Grad School, OTA-SET-377 (Washington, DC: U.S. Govemment Printing Office,
June 1968), pp. 57-58.

2 National Science Board, Task Committes on Undergraduate Sclence and Engineering
Education, Undergraduate Science, Mathematics and Engineering Educstion, NSB 86-100
(Washington, DC: Natlonal Sclence Foundation, March 1968).
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Innovative programs targeted to undergraduates.® The issue facing Congress I not discovering “what
works,” but rather deciding now to invest scarce doilars in the dissemination and replication of what
works. To this end, Congress seeks evidence of the effacts of NSF programs on the recruitment and
retention of students In technical majors. NSF, which Is asked to ba all things to all scientists and to
fulfil every mission refated to mathematk:s, sclence, and engineering education and ressarch, could
surely do more with more resources. (No ona knows this better than this Committes.) The question is
how much to direct to what kinds of Institutions and groups of students. The Education and Human

Resources (EHR) Directorate shouid be able to guide Congress whenaver questions about resources

for a partictdar mission or program of project arise.

In the recent repart, Federally Funded Rasearch: Decislons for a Dacade, OTA reviskts the )

changing demographics of the studant population, and examines the institutional underpinnings of
recruitment and retention.* Indeed, OTA suggests that, In addition to sclentific merit, a primary
criterion for Federal Investment In research should be . . . strengthening education and human
resources, e.g., Increasing the number and diversity of participants. . . In sclence and engineering
careers.®

Years ago the National Sclence Board established as one of four criteria for the funding of
research projects by NSF ". . . the effect of the research on the Infrastructure of science and
engineering . . . to contribute to better understanding or improvement of the quality, distribution, or

effectiveness of the Nation’s scientific and engineering research, education, and manpower base™®

3 For a full discusslon, see U.S. Congress, Office of Technology Assessment, Higher Education
for Science and Engineering, OTA-BP-SET-52 (Washington, DC: March 1989), ch. 2, especially table
2-12. .
4 OTA writes: "Concerns about the demographics of Fh.D. recipients could also be addressed.
Laws that prohiblt discrimination, such as Title VI of the Civil Rights Act of 1964 and Title IX of the
Education Amendments of 1972, justify suppost to groups defined by the ascribed characteristics of
race/ethnicity and sex, respectively. The 1980 reauthorization of the National Science Foundation
also created the Science and Technology Equal Opportunities Act (Public Law 96-516)." See U.S.
Congress, Office of Technology Assessment, Federally Funded Research: Decisions for & Decade.
OTA-SET-490 (Washington, DC: U.S. Govemment Printing Office, May 1991), pp. 216-217.

5 1bid., p. 16.

s National Sclence Foundatlon, Grants for Research and Education in Science and
Engineering: An Application Guide, NSF 90-77 (Washington, DC: August 1990), pp. 8-9.
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(exhibk 4). 'Today, debats over reauthorization of ths Higher Education Act reminds us again that
legislation directs the research sgencies to snhance the participation of minorities, women, and the
physically disabled In sclence (for a review of landmark leglslation, see exhibit 5).7

To Increase the participation of these groups [n flelds where they have historically been
undarrepresented, policy Intervention Is required. Thersfore, targsting certain segments of ths
student popuiation snd dsvising recruitmsnt snd retention programs srs necessitiss. Forward-
looking “cultivator” institutions work to help students deveiop as needed to stay In school and do well.
They also found that what works for targeted populations, in the words of AAAS's Dr. Shifley Malcom,
°. .. seems to work for everyone.” The key is converting the institutional "weeders® — universities with
traditionally high rates of student aftrition — into cultivators. This begins by adjusting the lsaming
environment - providing mentor and peer support — to curb student atirition and promote educational
achievement. Project Kaleldoscope (s dedicated to these adjustments In large part because NSF

understands that human resources are 8 main business of the Federal Government3

Lroking Ahead: Questions for NSF

NSF must look at PKAL, as well as its other programs Intended to Integrate education and
r@search missions, In terms of outcomes. What is the svidsncs — snd ths most compslilng
measures ~ of program success? How sre outcomes (ss weil ss process) svaluated, especialiy
by co-sponsoring orgsnizations? This is not simply s msttsr of sccountsbility; it is sn

opportunity for organizational leaming snd the transfer of those lessons,

7

For example, It was noted at a recent hearing before the House Subcommittee on
Postsecondary Education that the Federal Government spends more on "aarly Intervention®
techniques to encourage "at-risk” students to graduate from high school and continue their educations
in college. Lacking information on admissions and financial aid, as well as psychological and
emotional support at home and school, many disadvantaged and minority students entertain no such
prospects. See "Colleges Call for More Federal Spending on ‘At Risk’ Students,” The Chronicle of
Higher Education, May 22, 1991, p. A21.

s Every research program st NSF -- not Just the activities In the Education and Human
Resources Directorate —~ now impacts on human resources for science and engineering. This is
clearty reflected In the proifferation of "set aside” programs at NSF; such programs categorically define
the eligible pool of competitors for research funding, e.g., by professional age. gender, race and
ethnicity, or geography. See U.S. Congress, Office of Technology Assessment, Federally Funded
Reseaich, op.cht., footnote 4, especially ch. 7.
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A Gnuglngoutootmmqwubomfmemdmmdmodgods. The Howard

Hughes Madlical Institute, for example, Is currently constructing measures of thelr educational

programs’ impacts. As encouraged as OTA may be about the soundness of the PKAL approach, how
do educators and policymakers — and NSF — know that this project is making a difference? In an era
of the President’s and Governors' national education goals, the Office of Sclence and Technology
Pallcy's Federal Coordinating Councll for Sclence, Englneering, and Technology (FCCSET)
Committee’s By the Year 2000 report, and the mounting clamor for standards, assessment, and
accountabillty at grades 4, 8, and 12, NSF should routinely coltect and analyze Information about the
performance of programs it supports. NSF program managers shouid know what Is happaning on a
real-time basls, and be able to Inform Congress. This Is a fundamentd! aspect of educational
oversight.

B. NSF, and particularly the EHR Directorate, should also be prepared to respond ~ often
and with candor ~ about changes due to their programs. How thess changes are demonstrated or
measured, e.g., In studer.t choice, persistence, or performance, of in facuity course offerings and

institutional rewards, is for NSF to decide and Congress to monitor.

Project Kaleldoscops

Based solely cn the reading of Project Kaleldoscope's Volume 1 report, this NSF-based
project seems to have demonstrated what constitutes a rewarding college cultwre. The institutions
Involved In PKAL projects point the way to success in those efforts. How to export this success to
other Institutions Is now a primary challenge. Project Kaleldoscopu concerns a diversity of
intervention models and shows how key ingredients of undergraduate sclence teaching and leaming
can take root In different institutional settings. What are the Ingredients and PKAL's current and
planned use of them?
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A. Partnerships — a sharing of facuity and infrastructura — ara & cornerstone of PKAL.
Partnarships mean that institutions arrenga to share the purchass and usa of Instrumentation and
equipment, or the construction of ressarch faciities, rather than fund such needs on sach coliege
campus. Partnerships meen finding a way to combine private and nonprofit support to underwrita the
Infrastructure needs of ciustered Institutions. Coopaerative research and teaching In sclsnce today
must bacoma inter-institutional. This, OTA belleves, s & hard reality of research and higher education
in the 1990s.

Another reaiity is that NSF's research diractorates and the ressarch univarsies that form thelr
primary clierntele receive by far the largest amounts of funding and, comrespondingly, have the largest
ressarch Infrastructures. Unfortunately, thase Institutions have not reedily shared resources with
smaller schools. Without better coopaeration and a more nearly seamless web of relations among
educational Institutions In the nurturance of ressarch sclentista, the Project Kaleldoscope vision of
“natural sclence communities” will be difficult to achieva.

B. The recommendations in PKAL's Volume | reflect a haarty appetite: budget increases for
NSF's Education and Human Resourcas activiies, expansion of the Research Experiences for
Undergraduates program, strenéthenlng of pre- and In-service .actlvltles for K-12 teachers,
opportunities for national and regionel colloquia to discuss what works, and dialogue about & super
computer highway to link undergraduate math and science faculty to one another and thelr precollege
courterparts.

The Federal Governmant has begun to “ssed" programs and showcase succasses. It

cannot dictata, however, what educational institutions shouid value and reward. The Federal
Government can at best be a catalyst In changing facuity approaches to pedagogy, and this is where
partnerships and local educational leadership must coma Into play.

C. Project Kaleidoscopa is sbout perseverenca in crafiing and implementing models to
emuiate, as well as generating the resources to sustain such communities. Contrast this with research

reports: we know what works in math and sclence education, and we know that liberal arts colleges
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and predominantly undergraduate institutions are the chief venues for what works best. Educational
institutions need practical advice on raplicating what works. These Institutions are the primary
audlence for PKAL results, nct NSF or Faderal policymakers. Voluma 1 presents e diversity of
samples: geology at Hamiton Collage, biology at Morehouse and the Atlanta University Center, the
Amarican Chemical Soclety’s collatorative “chemistry in context™ project, etc. ICO should now focus
on moving beyond descriptions In repotting the experlence of these and other ongoing PKAL
experiments.? We all need to know the practical pros and cons of running real programs based on
“what works® models.

What would be most useful In the Project Kedeldoscops volume yet to coma Is some statlstical
information, provided at least for participating institutions featured In volume |, on outcomes relative to
the four declared Initiatives of PKAL ~ reforming course contert, supporting the integration of the
teacher-scholar role, edusating K-12 teachers in math and science, and developing partnerships.
What measures of progress toward these goais sre being used in PKAL and by NSF's Division of
Undergraduate Science, Engineering, and Mathematics Education? How do theso measures relate to
FCCSET Committes goals that cross al executive sgencies? What is the timetable for achieving the
declared milestones?

D. Insofar as the facilties needs for undergraduate sclence education envisioned in volume
| are concerned, OTA belleves that policymakers face tough choices In the allocatlon of scarce
Federal dollars. Thaese cholces are often stark categories of what OTA calls competing “goods™
bulidings or people, teaching or research, universities or colleges. Tha tensions in the Federal
rasearch systam pose daunting issues for Congress to debate in the budget procass (exhibit 6).

Thus, PKAL's call for an NSF facilitles program to meet broad needs must reflect its bellef In
partnerships. At rainimum, o plln/for shering by 1ICO member Institutions the facilities
modemized under sny NSF progrem shauid be submitiad to NSF to demonstrats how the

parinerships crested through PKAL woukd incresss the utilization of facilities for instructional

9 For descriptions, ses Project Kaleidoscope, What Works: Building Natural Science
Communities, vol. | (Washington, DC: Independent Colleges Office, 1991).
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purpoees. But a targe Fedoral facllities program cciuld have major short- and long-term
reparcussions on the avalablity of research monies and the peiformance of research In academia
(oxhibk 7).10
OTA applauds what NSF and the Education and Human Resources Directorate Is seeking to
accomplish In undergraduate science education. Project Kaleidoscope is a promising model of how
to grow ressarch scientists at a key Juncture of the pipeline. In closing, OTA would ask:
o Isthe PKAL model an NSF sducational priority?
s What would NSF suggest as the most constructive roles that Congress can play, aside
from the pravision of more funds?
And how would the recommended fiscal year 1993 budget requests for instructional
laboratory equipment and for courss and curriculum development change If the total
proposed incréase for NSF were to be one-haif or twice that proposed for fiscal year
19827 (Or are these such high prioritles that they shouid be insulated from budget

vagaries?)

10 PKAL's claim thet a faclities program would eliminate *pork bamel decisions® ks unfounded.
NSP.Muvmptocouummmumdmnmw)g. These are separate issues united
mwmmadzmmdmm-wmmmw process.
SooOﬁbodTodvuogyAmn,Fod«ﬂyFmdodhmch.op. cit., footnote 4, pp. 67-04.
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Exhibit 3

Appendix A

Alphabetical Listing of Leading
Undergraduate Sources of Science and
Engineering Ph.D.s in Two Institutional

Categories, 1950-75

The following alphabetical lists are based on an OTA analysis of the colleges and universities granting baccalaure-

ate degrees to students who went on to earn a Ph.D. in science or engineering. Because large

nting institu-

tions would be favored in 2 ranhnz based on the absolute number of bmlaumtcs produced that go on to earn

Ph.D.x in science and engineering, OTA

production, controlling for size of the institution.!

The 100 Most Productive Institutions

This cacegory lists alphabetically the 100 institutions
of all types with the highest ratios of baccalaureate
degrees awarded (in all fields) to students who later
‘earned science or engineering Ph.D.s (at any insti-

. tution).?

Ambherst College/MA
Antioch College/OH
Bard College/NY
Bates College/ME
Beloit College/ W1
Berea College/KY

Bowdoin College/ME

Brandeis University/ MA

Brown University/RI

Bryn Mawr Coflege/PA

Bucknell University/PA
Chalifornia Institute of Technology
Carleton College/MN

SOURCE:
and Engineers:

d the contrib

of baccal granting institutions to Ph.D.

Carnegie-Mellon University/PA
Cas: Western Reserve University/OH
Centre College of Kentucky
City University of New York
Clark University/ MA

College of Charleston/SC
College of Wooster/OH
Colorado Schoot of Mines
Columbia University/NY
Cooper Union/NY

Cornell University/NY

Davidson

U.S. Congress, Office of Technology Assessment, Educating Scientists
Grade School to Grad School, OTA-SET-377 (Washington, DC:

U.S. Government Printing Office, June 1988).

PISTRONY BVRILASLE
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Exhibit 1 (cont.)

Lawrence University/W1
Lebanon Valley College/PA
Lehigh University/PA
Macalester

Massachusetts Instituce of Technology

49 Liberal Arts Colleges

The 50 liberal arts colleges that participated in the Sec-
ond National Conference on “The Future of Science at
Liberal Arts Colleges” at Oberlin Cullege in June 1986
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Mubhlenbesg College/PA

New Mexico Institute of Mining and Technology
Qberlin Coliege/OH

Occidental College/CA

Philadelphia College of Pharmacy and Science/PA
Pitzer College/CA .

Polytechnic University/NY

Pomona College/CA

Princeton University/N]

Radcliffe College/MA.

Reed College/OR

Rensselaer Polytechnic Institute/NY

South Dakota School of Mining and Technology

Sunford University/CA

State University of New York at Binghamton

Scate University of New York, College of
Environmental Science and Forestry

State University of New York at Stony Brook

Stevens Institute of Technology/N]

St. Johns College/MD

Swarthmore College/PA

Union University/NY

United States Merchant Marine Academy/NY

United States Military Academy/NY

University of California a¢ Berkeley

University of California at Davis

University of California at Irvine

University of Califcrnia at Los Angeles

University of California at Riverside

University of California at San Diego

University of California s Santa Cruz

University of South Florida, New College
Vassar College/NY

Vabash College/IN

Webb Institute of Nava: Architecture/NY
Wellesley College/MA

Wesleyan Univensity/CT

Whitman A

Williams College/MA

Worcester Polytechnic Institute/MA

Yale University/CT

Yeshiva University/NY

dely "thislist(-,

d slohabetically).?
P Y

Albion College/MI
Alma College/MI
Ambherst College/MA
Antioch College/OH
Bates

College of the Holy Cross/MA
College of Wooster/OH
Colorada College

Davidson College/NC
Denison University/OH
Depauw ! Jniversity/IN
Earlham College/PA

Franklin and Marshall College/PA
Grinnell College/1A

Hamilton College/NY
Hampton University/ VA
Harvey Mudd College/CA
Haverford College/PA

Hope College/MI
Kalamazoo College/MI
Kenyon College/OH
Lsfayette College/PA
Macalester College/MN
Manhattan College/NY
Middlebury College/VT
Mt. Holyoke Collegc/MA
Oberlin College/OH
Occidental College/CA
Ohio Weslevan University
Pomona College/CA
Reed College/OR

Smith College/MA

_g:w&h\bmh_m-mmww
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Exhibit 1 (comt.)

Union University/NY
Vaseer College/NY
Wabesh College/IN
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EXHIBIT 2

PRODUCTIVE ENVIRONMENTS—UNDERGRADUATE ORIGINS OF
SCIENTISTS AND ENGINEERS

Variety among higher education institutions dis-
tinguishes the United States from other countries
and contributes enormously to the education sys-
tem's success and ability to reach so many scudents.
Institutions include vast State universities and col-
leges (obliged to admit qualified resident high school
graduates), engineering institutes akin to industrial

SOURCE:
and Engineers:

training schools, and research universities of inter-
national repute. Private liberal arts colleges, histori-
cally Black institutions, and an array of others com-
plete the picture.

Each type of institution serves a different clien-
tele and has a particular local, State, or national

U.S. Congress, Office of Technology Assessment, Educating Scientists

Grade School to Grad School, OTA-SET-377 (Washington, DC:

U.S. Government Printing Office, June 1988). pp. 56-58.
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Exhibit 2 (comnt.)

context. Community.colleges, predominantly county-
based, train skilled workers and serve, for afew, as
stepping stones to full baccalaureate programs.
Liberal ares colleges are rooted in the classical no-
tion that exposure to the great books and works in
all disciplines is the way to instill democracy and
higher-order chinking in the citizenry.

Institutions also vary in their relative emphasis
on teaching and research, and on undergraduate
and graduate teaching. One group of institutions,
research universities, specializes in research and grad-
uate teaching. Another group, a subset of the liberal
arts colleges, specializes in undergraduate education,
but does research as well. Some institutions are ori-
ented primarily or exclusively to certain populations
such as Blacks or wornen. Each type of institution,
with its unique role, contributes to the strength of
the entire higher education system.

There is competition among types of institutions
and within the types themselves. Institutions com-
pete for Federal and industry research funds, for
talented students and faculty, and for equipment
and facilities support. Most science and engineer-
ing undergraduates are produced by the major re-
search universities, State institutions, and the pri-
vate liberal arts colleges. From the point of view of
the future science and engineering research work
force, an important measure of the success of the
education provided by these environments is the
nurnber of their graduates that go on to earn Ph.D.s
in science and engineering.

Graduates who later earn Ph.D.s in science and
engineering come from a limited number of un.
dergraduate institutions. Ranked by the absolute
number of their alumni that later receive Ph.D.s
in science and engineering, 100 schools supply 40
percent of all students who receive doctorztes.
Four out of five of these top 100 undergraduate in-
stitutions are private.” Of these institutions, large

*This finding is based on an enalysis of four beccalsureate cohorts
dating from academic years 1950-51 to 1965-66. Degree totals were ex-
tracted from che Center for Education Seatistics’ annwal Eamed Degrees
Conferred, nndhnkndtozthndomane-t:hCounuhDoaome

File to cakeulace | chrough
1979. A lOvynthftunbocuhumemPhD nmd w-und:o
creste this i of i . The

degree-granting institutions {the “research univer-
sities”) have the highest output of bachelor’s grad-
uates who go on to earn science and engineering

Ph.D.s.

A group of about 50 private liberal arts colleges,
however, has claimed to be especially productive,
and accordingly, deserving of funding for research
equipraent and teaching.” These “research colleges”
claim that their traditional small scale, emphasis on
research experiences for undergraduates, and focus
on individual students are major contributors to the
eventual production of Ph.D.s in science and engi-
neering.” For example, their students are encour-
aged to work with faculty members on current sci-
enrific research and to become full participants in
research teams. A subset of this group, such as Bryn
Mawr, Mt. Holyoke, and Smith, focuses on edu-
cating women and claims to be particularly produc-
tive of female scientists.

By looking at ah estimate of the proportion of each
institution’s baccalaureate graduates in all fields that
have gone on to gain Ph.D.s in science and engi-
neering, OTA finds that some liberal arts colleges
as well as universities that specialize in technical edu-
carion are unusually productive of future Ph.D. sci-
entists and engineers, when allowance is made for
the size of these colleges (see figure 36). A large
proportion of the graduates of these environments
also subsequently join the research work force.”

Mn 1965, these colleges undercook a self-wudy: David Davis-Van
Arca et al., Educating American Scientists: The Role of the Research
College (Oberlin, OH: Cberlin College, May 1985). A Second National
Conference on “The Future of Science at Liberal Aros Colleges”™ in
1986 resulted in mothx repore: Slm C Camcr and David Dnvaan
Arta, Maincaining America’s S : The N Y of
thebbuulAmCdlq-(%hn.OHOberhnColl*,Mndl 1%7)
Together, they are known s the Obertin Reports. Although the labels
“resesrch colleges™ and “science intensives™ have been applied, they
are not embeaced even by members of the 50 colleges. . another
50 colleges probably share the characteristics of those included in the
Oberlin Repores (see app. A). Thus, OTA’s use of the term “research
colleges™ refers to abour 100 private liberal aexs colleges where, hutori-
cally (and wonially), teaching has been espedially valued.

PA quarterentury ago, liberal arts colieges were found to be among
the 50 most praductive inuimo‘om of higher education. R.H. Knapp
and H.B. Goodiich, “The of American Scientists,” Saaence, vol.
133, May 1951, Bp 543-545 Thu ﬁnqu was lster confitmed by M.E.
Tﬂxﬂ Origins of A Sa-

Sr.hohn. Science, vol. 193, Auguwt 1976, pp. 646652,
"Dunrq the 19701, when single-sex colleges either merged or began

md various tankings re :onumd in Betty Mlxﬁdd P:nu(mce n
2 & S/E B

Grancing [necie

EST GOV A7

sizable b o(uudma o(xhe opposite sex, 2 percent
of women baccall from went on for
2 saence or engineening Ph.D. compared 10 10 percent of the gradu-
stes of women's colleges, See MLE. Tidball, “Baccalsurcate Ongins of

fconniommd on next page)
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Exhibit 2 (cont.)

Figure 3-8.~—SclencelEngi !
by Type of B.S.lmﬂhmon, 1950-75

Ph.D. Productivi

1980 1958 1960 1905 1970 1978
Yoar fB.S. awerd

~@~ Tectrica® = £3 =~ Top 100° -xe--- Lberal arts”

with an
Large peopoctian of their Students oA 18 scieCaIngineeing
%1wm«mmmmnmmu—h

ummm participaied W the Sesond Nallanat Cosdur-
@Nnce on “The Fulurs Ot SClence at Ukersl Ant Colleges™ st Oberlin, Juns 1S
Mwnum-wm s tu Buls amphnia
0N UNASDrAdUSe and faculty ressarch,
SOURCE: Betty D. Mefisid, OTA sontracier mpert, 107,

Rme«unlSoﬂuDoaoms. of Higher Eduation, wol.
57. No. 6, Novcnher/‘Demnbal%.pp 606-620. In the analysis re-
ouspux, ot nurnbers of males and fe-

commut

thauhep«douuundywmmnooﬂm-ndhmnlyﬂhd:m&
i mmor! pulations thaa other
with coeducational, hegery
vhnmmm&mmdmmdunddm&
for example, Michael T. Nertles et al, “Comparative and Pradictive
Mdmdﬂdwmwmmdﬁ-
periencey,” of Higher Education, wol. 57, Na. 3, May-June 1986,

wlﬂ-llalnnmbm“wd mensurement is o best a erude proxy
rhechmﬂelhnbumdndaﬂnmdd’mﬂww
;;nsu.mdwﬂuw w " Later p © the

'Hf"i

Figure 3-6 also reveals a peak in the 1960s that
can be traced (see below) to the sharp rise in Fed-
eral fellowship and academic research funding in the
early 1960s, followed by decline from the late 1960s
into the 1970s. The bulge in baccalaureates going
on for science and engineering Ph.D.s appears in
all types of institutions, but is pronounced in the
research-otiented ones and those receiving the most
Federal dollars.

The quality of students recruited and enrolled in
an institution, of course, is related to the number
and quality of those who emerge with baccalaure-
ate degrees. The education provided by the research
colleges is very costly; most of the costs are borne
by students and their families.® These colleges are
highly selective in admitting students, but make
great cfforts to ensure students’ success by offering
considerable pcnoml attendon and support. The
instituional environment clearly matters.” Ele-
ments of students’ experiences in the research col-
leges that encourage pursuit of the Ph.D., such 2s
early research experience, the emphasis that such
schools place on teaching, and their small student-
faculty ratios, could be replicated at other institu-
vions.” OTA concludes that to increase numbers
of PhD. scicatists and engincers, it would be
worth sudying technigues used by research col-
lqu and encourage other institutions to adopt

They petel™

. 31.37. Nex only

criteris for messurs

- there are no detailed and comparsble
dary level. At

nnhx  the

onhmnkmunbemad:d’dnwdxtvdmbcouwm
thtythnnlmtpml ard ch of
d\uppnmnhxgud\mmdeRE[GnduneRncdeunu
n-non]. hwn.q;.u..‘oouml4.p7 Al-nanW Hartle, “The

. Am.FurCrleen(Sannm CA:
k—!rhlmeﬁmﬂ.w.ﬂmehmmcmmlmnom

h rescarch, indeed often require &
n-:chdn-ix'uhdm.&: ﬁxmmplg.]m«hnu “Whys
and Hows ef Undergrachisee Rescarch,” 5i vol. 38, No. 2,
February 1988, pp. 110112




175

Exhibit 3

Pélicy Optons to Improve Science and Englmering Education

Recruitment—Enlarge the Pool
o Hementary and secondary teaching: mcourageandr!wud teachers; ex-
pand support for preservice and inservice training.
¢ School opportunities: reproduce science-intensive schools, adjust course-
and curricula, review tradung and revise testing.
¢ Intervention progr increase i in and readiness for science and
ergineering majors; transfer the lessons from successful programs; en-
courage sponsorship from all sources.
¢ Informal education: increase support of science centers, TV, fairs, and
camps.
o Opportunities for women: enforce Title IX of the Education Amend-
ments of 1972 and provide special support and intervention.
* Opportunities for minorities: enforce civil rights legislation and provide
special support and intervention.
R jon—Keep Students in the Poo!
¢ Graduate training support: “buy” Ph.D.s with fellowships and trainee-
ships; these peaple are most likely to join the research work force.
® Academic R&D spending: bolster demand and support research assis-
tants, especially through the mission agencies.
. FOA’!J.JH A ad)ust immigration policy to ease entry and retention.
t ® Undergraduate environments: support institutions that reward teach-
ing and provide role models, such as research colleges and universities, ¥
and historically Black institutions.
¢ Hands-on experience; encourage undergraduate research apprenticeships

and cooperative education that impart career skills, .
® Targeted support for undergrad link need- or merit-based aid to
college major.

Strengthen Federal Science and Engineering Education Efforts
. ® National Science Foundation as lead science education agency: under-
score resporusibility through the Science and Ennnecnng Education Direc-
torate for el tary through undergrad science progr
o Federal Interzgcncy coordination and data collection: raise the vmbﬂ-
ity of science education and the transfer of information between agen-
cies and to educational communities. =~

SOURCE: U.S. Congress, Office of Technology Assessment, ducating_,
Scientists and Engineers: Grade chool to Grad School, OTA-SET-37

(Washington, DC: U.S. Government Printing Office, June 1988).
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Exhibit 4

»

(OTA. ., 1990). mmuw&amuﬁbu
)*huﬂem“kﬂﬁmd.“cahﬂ:m-ldm th that fors
NSI”s care chiantuis thase aceivisiis éie 2ot purmad in fho mesc way or with h—v_.l-yr—chmum-n imgacts on
_mhhﬂ*nﬁﬂ—uhﬂﬂtﬁ#hn—ﬁn—

SOURCE: U.f Congress, Office of Technology Assesument, Federally Funded
Research: usvcisions for a Decade, OTA-SET-490 (Washington, DC: U.S.
Government Printing Office, May 1991).
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Exhibit 4 (cont.)

e
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program relevance, and those with exceptional human and/oc poteotial so
indicated. The program manager, whhawmmc&vbcofmmmmaxptkawm&m

the pool. Any of several subscts might be oqually meritotious—this is where selection criteria and j enter
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Exhibit 5

Table 4-1.—~Landmark Federal Leglsiation Atiscting Sci and Engineering Educati

Modiil Act. Establiahed land grant collages, and the precedent for Faderal support of Institutions of higher education.
Sacond Mori!t Act. Required Statas with dual syatems of higher education to provida iand grant Institutions for Blacks
as well a8 whites. Sixteen Black Institutions wers estabiished as 1890 Land Grant colloou.

Nstional Cancer institute Act. One of the first In e long lins of health ftutes of Holﬂh acts.
Secviceman's Readjustment Act (Q.L BIH). P Federal fotlm bers of new Qi

and graduste students. Not targeted to and ineering, but by the ber of collage In-
craasad the output of sclentiste and engineers. Nearly 8 mlmon World War If veterans enrolled; many chose sclence
and onglnnring mqou

the Nati Sch Fourdation and | ded support of sclence edu-

catlon In the Netlonal Scl lon's of besic Set the tone for graduste sclence

and snginearing education® mod( and gcoguphk:u balance e the primary award criteria, with oversight of profes-
clonal nplonlsnmonl vested In the scientitic community.

Setvice A of 1961. Created draft for colleg and for sclentists. Followlng 1967,

Act made students more vuinerable to the draft, and fuil-time gr il dropped sa male took de-

ferrable (ull-time jobs.

. Reh e

Act. Sci and math malorm targated for Improvemant through genar-

for p o . lnnng.tuchcr' ining, the role of the Of-

dl

ous {

fice of In s¢l and Authortzad many graduaie fellowships and undergraduate loans.

Tha Natlonal Def Ed Act was ¢ lornoslﬂo‘daln 1964, .

Civil Righta Act. Title IV et up ical advice for ol Y and dary schools to d

the basle of sex, race, color, religion, or national origin. Title Vi p ox in «nploymanl (hlring,

llrlng. pay, and womlng condlllon:).
y and S

Act, Establish ive Federal support for echools and particulardy
1or schoou with nonlrndmon.l and disadvantaged students. No focus on pasticular curricular arsa. Directed Federal
education policy and money to special underserved populations (low-income, handicapped).

Higher Education Acl. First major Feceral legislation for higher education not lirnked to a specilic gosl (e.g., national
datensa), but rather to promote equality of access, student fresdom of choice, quallty of education, and efficlent use
of human resources. Brought Fedaral money Into higher lon and ded coliege Supported con-
tinuing and cooperative education, Ilbraries, teacher training, facllltes, and etudent financlal aid. Title Il Included a
provision to luppoﬂ mlnorﬂy Inslllutlons

Authorized support of reg centers for of handicapped

plnlculmy desf and b(lod Supoonod bllingual sducation programs.

d higher educaticn | fatkon p sax d inatlon In ¢ lated
d lon prog 'mh IX p sax biss In to k prof gradi and publ(c under-

gndual. Inltllullons.

Awarde Act (Natlonasd inetif of Health). Shifted hasls of the Natlonal t of
Healith trainlng trom growth to renewal and quultylnocomlrumd budget. Set out the finciple of requiri tudent
to retum urvlcn Inexchange torsuppod (not . L F pe by law must con-
stitute 15 p 1 of the 0 budget.
and ty gy Equal Opp vithes Act. Promoted the full dﬂdopmom md use ol lhe aclentlfic talent and
technical skilis of men and womon of .n ethnic, racial, and report to assess
oppor and par

£d 1o 10t E: 1o €

rity Ac!. Targeted mathema!lt:s. sclence, computarlaamlng, and torelgn languagas Un
der this Act, the DepMmont of Ed lon p! ing, mostly on st basls, for: 1

magnet gned for o bulsommlh L nd I I Andforlmpnwlng
and scl

1906 Sch g Autts Act of 1984, Establishad a Task Force on Women, Mi-
noritles, and the H )g7 10 the Federal Government and In federally aasisted resesrch
programs.

SOURCE: Offiee of Teshnaiogy Asosmsment, M.

SOURCE: U.S. Congress, 0ffice of Technology Assessmert, Educating Scientigts and
Engineers: Grade School to Grad School, OTA-SET-377 (Washington, DC: U.S.
Government Printing Offtice, June 1988).
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Exhibit 6

Tabie 1-1—Tensions In the Federsl Resesrch System

> of Federal peanning

Concentrated excelence > Regional and institutienal development (10

eniarge capacity)
'u;n:rmnmhomma -+  Political inlervention (targeted by goal,
)

ysem __sgency, miﬂhﬁon)
Coatlnuity In funding of senior investigators Pro
Peer review-based allocation oomwnmmmm(zm

g .

Set-aside programs A ) it clentific
medt (0.9« race/sthnicity, gender, princi-
Pl inveetigator age, geographic ragion)
Risk-taking

Conservatism In funding alocation
Perception of a “total research budget™
Dolars for facilities or training
Large-scale, muitiyear, capital-intensive,
high-cost, perdmvestigator initiathves yout profects
Traloing more retearchers and creating Tui*\'bntrmmdmm
more competition for funds
Emulating mertors’ career pathe Eneounghg a dwnlty of career paths
Retying on historic methods 10 bulid the of
research work force und«rmoorxodgrwpa

SOURCE: Oftiee of Toshruiogy Asswsemant, 1991,

Tabie 1-3—Summary of issues and Possibie Congressional Responses

Isse Possible congreseienal respenses
Setting pricrities for research H.‘nngg on g priodities and ) o of
a body of the Fmdcowrnmwwwaupcmtynnw
Appiication of criteria to:a)

b}

g, and ¢) balance Hiwe -d'mo:‘nm mgaproject
nitlatives.

Oversight of agency that focusss on h
fur the above oriteda, and on responses 10 prordty semnq

Encourag of greatec coet ._Jlltyhyth.

measures for spodﬂcllm of
the effecth of sach
Adupting education and Programe that focus knestment on the educational pipeline at the
human resources 1o meet K-12 and undergraduate levels.
fuhuro neede Mhb“dyhmmnmmmm
ly fo the

mm)wlloradlp(hgwmmmdmdw.mts
oa mmmofrm(mnmunhm«
pecialized, and shers and facititios)

Refining data collection and Funding 1o a) mmﬁlmwaummmwism

ana!ysutolmpmwn- mrod«dnuumsyﬁmwb)mrmwdnm
search

b P atthe g

Encoura of datapr and intarp 1 foruse in
ponqmdchgtg ompbyhn k $ and other technice

and progrees io~wd slaied ctjeciives.

motmdmm«m.

SOURCE: U.S, Congress, '..jru »f Terhnology Assessment, Pederally
Punded Research: P..A4 ,an¢ 1 (o . * =, STA-SET-490 (Washington,
nc: M.8, fpvarnme i . afFi.,  Mav 1991),
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Baryl E. Chubin

Blographical Sketch

Daryl Chubin Is Senlor Analyst In the Sclnce, Education, and Transportation Program, Office
of Technology Assessment, U.S. Congress. Befors joining OTA in 1226, he taught for 14 years at
Southem lllincls University (Edwardsvile), Comall Universtty, the Univarsity of Pennsytvania, and
Georgia Institute of Technology. He was Professor in the School of Soctal Sclances at Georgia Tech
and focmer director of ts M.S. Program In Technology and Sclence Pollcy. He Is a 1968 graduate of
Miami! Univarsity (Ohio), saming A.M. and Ph.D. (1973) degrees at Loyola University (Chicago).

Dr. Chubin’s research has centered on the soclal and political dimenslons of sclence and
technology: science policy (especially as rolated to research misconduct and peer review), public
understanding of sclence, tardisciplinary tearmwork, and education and human resources. He has
published numerous articies, chapters, ard commentaric, and five books, Including Sclance Off The
Pedestal: 8nclal Parspectives on Sclence and Terinology (coedited, Wadsworth, 1989) and
Proress Sclence; Peer Review and U.S. Sclence Poi -y (coauthored, SUNY Press, 1960),

Chublin was Project Director for OTA's May 1991 report, Fedarally Funded Research:
Dactsions for a Dacade, and the June 1968 report, M H
10 Grad School. He I3 a contrlbuting editor to BloSclence and an advisory editor to four other
journale. In 1490 ha was rlected a Feliow of the American Assgoclation for the Advancem..nt of

Chubin Is marmied and reskdes wli his family In Hamdon, VA. His wife, Vickl, Is a speclal
sducaticn (leaming disabfities) teachsr In Falrfax County Public Schoola. His son, Rand, attends ths
University of Wisconsin-Madison, and his daughter, Jessica, Is a student at Oakton High School
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Mr. Worre. Thank you very much, Mr. Chubin.
I would now like to turn to Dr. Williams.

TESTIMONY OF DR. LUTHER S. WILLIAMS, ASSISTANT DIRECTOR,
EDUCATION AND HUMAN RESOURCES, NATIONAL SCIENCE
FOUNDATION; ACCOMPANIED BY DR. DAVID SANCHEZ, ASSIST-
ANT DIRECTOR, MATHEMATICAL AND PHYSICAL SCIENCES,
NATIONAL SCIENCE FOUNDATION

Dr. WiLriams. Mr. Chairman, the report of Project Kaleidoscope
is a rich and remarkable document. It would justify the attention
and interest of any one if it had simply contained the letter ad-
dressed to Dr. Massey, the Director of the Foundation.

This report is important in the sense that it reminds us in sever-
al places of the difficulties that still confront science and mathe-
matics education. But in contrast to a plethora of other reports, it
is other than a lament. I would observe that others have done that
with sufficiency.

Rather, this report seeks to analyze, to remind and to state a
purpose. It has analyzed our math and science education system at
the undergraduate level, with emphasis on the interaction between
thz various components. It has reiterated the manifold educational
objectives, with emphasis on diversity and scale of the need and the
need to address all participating institutions.

The report also proposes a way, a credible and comprehensive
way, a way that would build on our present knowledge base, our
strengths, and gauges our determination and would marshal intel-
lectual and financial resources in order to net improvements.

I cannot tell you that at the Foundation we will drop everything
in response to this report. But I can tell you, on behalf of all my
colleagues and the direcior, that the vision of this report, its explic-
it recommendations, are consistent with onr current programs and
our planning activities. We obviously intend to employ it on a con-
tinuing basis.

I would like now to turn to the programs of the Foundation in
the context of this repcrt. Before doing so, I would like to make a
statement in response to the comments earlier in the hearing. Ref-
erence was made to the level of funding for education and human
resource activities in the Foundation, starting in the 1960s, com-
p;;'ed to basiczlly the elimination of the programs in the 1980s and
today.

Starting from the early 1980s, the Education and Human Re-
sources effort at the National Science Foundation has grown from
less than $59 million to the present level of in excess of $400 mil-
lion. The increment for the last five to seven years has exceeded
significantly the overall rate of increase of resources for the Na-
tional Science Foundation.

Said ano'her way, education and human resources has grown dis-
proportionately to the funds available for research.

With respect to our present programs, they represent those ac-
tivities that are organized with the Education and Human Re-
sources Directorate that I manage, as well as programs, most of
which have been referred to today, that are actually funded by the
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Research Directorate, in which I have a collaborative role, but they
are not my line responsibility.

Consistent with the overall policy decisions in the Foundation to

have Education and Human Resources activities beyond the pur-
view of the Education and Human Resources director, in the re-
search Directorates, there is a process of targeting resources in
those Directorates for undergraduate activity, in contrast to precol-
lege.
In fact, for the fiscal year 1992 budget request of the Foundation,
the division of that request between the Education and Human Re-
sources Directorate and the Resources Directorate is as follows.
Our share of it is—it is roughly 50-50—49 to 61. That in my view is
an important point to make.

What are our programs? As you know and as has been indicated
by others we have long been concerned with the overall quality of
math, science and engineering, and emphasizing engineering edu-
cation at the Foundation. To raise the quality of undergraduate ac-
tivity, we are primarily concentrating on three programs, a trio,
primarily with the Education and Human Resources Directorate.

The first program you heard about this morning was the Instru-
mentation and Laboratory Improvement. This program was de-
signed to impirove laboratory instructions through the use of
modern instrumentation.

The program in particular places emphasis on leadership projects
in laboratory developmen.s, and it provides, as you heard, a cost-
sharing of the acquisition of modern instrumentation, designed to
increase the effectiveness and efficacy of laboratory experiences, to
make sure that current technology is introduced through instru-
mentation and we actually use instruments in innovative ways in
teaching laboratories.

The second program under the Education and Human Resources
Directorate is the recently-initiated Course and Curriculum Devel-
opment program. I term it undergraduate, but this is an effort that
is almost entirely given to the two introductory years, the first two
years in the undergraduate sequence. Primacy is quite frankly
being given to the freshman years.

The goal here is essentially to engage quality instructors in sci-
ence and mathematics and engineering courses as appropriate for
all participating students. Clearly what we are attempting to do is
promote the requisite change in the instructions in order to ensure
that these undergraduate courses facilitate the retention of stu-
dents in the process and focus on courses and curriculum as well as
the laboratories in engineering, mathematics and the sciences.

While this comprehensive program is new, we have had for sev-
eral years an effort in calculus focusing only on one course, and a
program in engineering.

The third major program focuses on the undergraduate faculty
in science and engineering. The Faculty Enhancement program is
designed straightforwardly to improve the disciplinary capabilities
and the teaching skills of faculty members who do undergraduate
instruction, hopefully paralleling the focuses on the introductory
courses.

Grants are made to single institutions or to coalitions to conduct
regional or national seminars, conferences, short courses, and simi-

l ’:‘. ey
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lar activities for groups of faculty members in which their partici-
pation would cccasion increased knowledge of new techniques and
new developments in the field.

Each of these programs is designed to improve instruction in spe-
cial ways. Each is responsive to changes in needs. We continue to
examine the programs, undergraduate institutions of all types may
participate in them, and we stress the programs, instrumentation,
undergraduate course in curriculum development, faculty enhance-
ment, for them to operate in concert to engender direct synergy.

I should observe that at NSF we are concerned with all students
in science and engineering education, the opportunity for all stu-
dents to have substantive courses in science and mathematics.

One justification for the same is the nature of modern society
and culture requires that citizens or students be expected to bring
to bear serviceable knowledge of science and mathematics in their
lives, so issues of numeric and science literacy are vital, quite inde-
penc}l(ent of whether individuals are on the science and engineering
track.

We are also equally concerned with the congruence between our
undergraduate agenda and our precollege agenda, where we have a
fundamental responsibility for training the next cadre of first-class
math and science teachers. These introductory courses are critical
to that proposition.

So the precollege agenda is linked, if you will, to the undergradu-
ate activity. In fact, in terms of planning, the Foundation has re-
cently developed a new program that will focus or math and sci-
ence teaching centers, in which we are asking for deliberate col-
laboration between science and math faculty and faculties of
schools of education, to ensure the requisite preparation and en-
hancement of the next generation of math and science teachers.

For all these programs, effective last fiscal year, we have put in
place an evaluation component to ask the very hard questions that
‘were raised earlier with respect to the efficacy of our programs and
how in fact they need to be revised.

Equally so, recognizing that we have limited resources and we
are attempting to impact a diverse set of institutions—research in-
stitutions, comprehensive institutions, liberal arts institutions—we
are giving increased attention to dissemination of exemplary
models that result, not necessarily being directed to the use of
them, but certainly making clear to the broad community those
projects that NSF has supported.

The report of Project Kaleidoscope shows us the potential for the
Nation’s liberal arts colleges to extend and strengthen science and
math education. Similar reports have dealt with universities at
other sectors, and as I said earlier, the Foundation certainly will
give attention to that report.

But that report is framed in the context of a variety of other re-
ports we have supported. We have a series of reports that have
looked at the issue of undergraduate education, and each of its
broad disciplines in the sciences, biology, chemistry and physics.
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We recently conducted a workshop in two-year colleges. We looked
specifically at programs for minorities and all of which has now
been reflected in the strategic plan.

I would like to close by making several comments in response to
the letter that I sent to you, requesting information on the coordi-
nation of the undergraduate programs in the Foundation.

In June 1980, there was a reorganization of the Education and
Human Resources activities in the Foundation, a transition from
the Science and Engineering Directorate to the Education and
Human Resources, to move the Human Resources programs, which
were disparately located around the Foundation, primarily focusing
on minorities, women and persons with disability, into one division,
which is now an organized division under my direction.

Coincident with that was the effort to address another issue, and
that was to create a mechanism by which I, as the Assistant Direc-
tor of Education and Human Resources, would on a continuing
basis interact with my colleagues who manage the programs in the
Research Directorates. There was created what is called the Educa-
tion and Human Resources Policy Committee.

The principal reason for the creation of it was to share informa-
tion to coordinate, to try and address common problems, and make
sure there was collaboration. That program, the composition of the
committee, is therefore all the program assistant directors of the
Foundation. It has only been in operation for abouf a year, and in
my view, experience shows that it works. It operates informally
and by consensus.

Recently, one of the efforts addressed by the commmittee was the
disposition of the coordinating function for four programs that are
funded by the research directors, not the Education and Human
Resources Directorate account. The question at issue was not the
transfer of fiscal management responsibility, but coordination. I
want to speak specifically to decisions that we made.

Research Experience for Undergraduates, that operates in all the
research Directorates. We felt it was important that one of the Di-
rectorates assume the responsibility for overall coordination of it,
certainly from the point of view of each fiscal year report, to get a
sense of how well we had progressed, where each Directorate had
progressed to in reaching their targets.

In fact, my colleague with me, Dr. David Sanchez, who is the As-
gistant Director for Mathematical and Physical Sciences, has that
responsibility. .

The second program, that was previously in another component
of the Directorate, a program focusing on providing research
grants, essentially planning grants, for minority faculty members,
it’s called Minority Research Initiation, it was proposed initially
that that program be coordinated by the Engineering Directorate.
We decided not to make that change. It now remains the coordinat-
ing responsibility of my Directorate.

e third program, the program that focuses on research grants
for women, the career and advancement awards, that program is
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coordinated by the Assistant Director of the Directorate of Biologi-
cal and Behavioral Sciences.

Lastly, to Research in Undergraduate Institutions. We have de-
cided it was not necessary that they have coordination of that pro-
gram. Certainly in light of the issues that have been raised prior to
this hearing and during the hearing, most assuredly we will reex-
amine that issue.

Thank you.
[The prepared statement of Dr. Williams follows:]
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STATEMENT

of Dr. Luther S. Williams,
Assistant Director for Education and Human Resources,
National Science Foundation,

at the July 11, 1991 Hearing of the
Subcommittee on Investigations and Oversight,
Committee on Science, Space, and Technology,
United State House of Representatives

Mr. Chairman and Members of the Committee:

It is a pleasure to be here today to discuss the report of Project Kaleidoscope: "What
Works: Building Natural Science Communities; A Plan for Strengthening Undergraduate
Science and Mathematics.” Project Kaleidoscope was one of a small number of efforts funded
by the National Science Foundation to develop plans for strengthening undergraduate education
in the several sectors of higher education -- in two-year and four-year colleges, in comprehensive
universities, and in research universities.

The report of Project Kaleidoscope is a rich and remarkable document. It reminds us
in several places of the difficulties confronting science and mathematics education in the United
States today -- but it is not a ceaseless lament. Its approach is not to alani. {others have done
that to sufficiency) but to analyze, remind, and propose.

. The report analyzes out system for education, the interactions among the parts of the
system, the social and political context in which the parts function, and both the problems
and the opportunity.

The report reminds us of our manifold educational objectives, of the diversity and scale
of our needs to teach and to learn, of the complexity of the task of improvement, and of
our resources and our resolution.

The report proposes a way -- a credible and comprehensive way -- a way that builds on
our strengths, engages our determination, marshals our physical and intellectual
resources, and which promises to work.

I can tell you that the vision of this report is consistent with ours and that we will learn
and perhaps teach from it.
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This Statement is a preliminary response to the four Initiatives proposed in the report of
Project Kaleidoscope and its several recommendations to NSF. An excellent introduction for
it appears on page 5 of the report:

"Liberal arts colleges have no monopoly on programs that work in undergraduate science
education. Institutions of all kinds have achieved success in baccalaureate science
education; not all independent colleges have succeeded at ccience and mathematics
education; and even the best colleges have failed with certain students. Anyone who has
been involved seriously in education knows that one must deal constantly with
imperfection while keeping one’s eye on the ideal.”

In that spirit, we present here an overview of what the Foundation is doing now and is
planning to do with its programs at the undergraduate level.

* x ¥
The report assigns highest priority to four initiatives:
Reforming the introductory courses in undergraduate science and mathematics;

Supporting the integrated teacher/scholar role of undergraduate science and mathematics
faculty;

Making disciplinary content and active learning central to the eucation of K-12 teachers
of science and mathematics; and

Developing partnerships focused on sturengthening undergraduate science and
mathematics.

The National Science Foundation is firmly committed to all four of these initiatives;

its current and planned aggregates of specific programs are designed to achieve their
objectives.

NSF believes that it should foster a national community of scholars by engaging large
numbers of instructors of undergraduates in improvement activities that will result in greater
attention by faculty to undergraduate instruction and that will reward outstanding teachers.

NSF considers the task before the Nation to he revitalizing the instruction of undergraduates
rather than reorienting the academic culture from research to teaching. To strengthen
instruction, some faculty should do more rather than less scholarship, some should pursue
different scholarship, and some need to engage teaching in new ways.

To achieve a new balance, grant programs must help rechannel faculty activity. NSF's
planning recognizes the needs of faculty at research universities, comprehensive universities,
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four-year colleges of various descriptions, and two-year colleges. NSF's programs are designed
10 make instructional innovation and improvement a viable arena for professional activity.

The long-term solution requires more than making a few large, widely publicized awards
to already exemplary teacher/scholars. We must find ways to engage the minds and energies
of thousands of faculty in all kinds of institutions in a huge network of contacts, bright ideas,
and activities. This argues for programs that make grants to many individuals for a large variety
of activities.

Initiative I. Reforming the introductory courses in undergraduate science and
mathematics.

[] Instrumentation and Laboratory Improvement; Introductory Courses.

The Instrumentation and Laboratory Improvement Program (ILI) aims to improve the
quality of all undergraduate laboratory instruction in science, engineering, and mathematics, and
for both majors and nonmajors. To achieve this goal it makes grants for projects to enhance the
quality of laboratory work through development of experiments and courses which use
contemporary equipment and techniques.

Projects in two broad categories are supported: (1) Instrumentation: Model and standard
setting projects to improve the quality of laboratory instruction through creative use of modemn
instrumentation and advanced technologies; and (2) Laboratory Improvement: The conception,
design, and testing of new approaches that are cost effective, powerfully stimulative of leamning,
and that reflect actual science and engineering practice.

During the next few years:

. A substantial ILI effort will continue to treat as a special target the improvement of
large-enrollment introductory laboratories.

A major new effort will be initiated to bring about significant and widespread change in
laboratory instruction. This ILI thrust will support laboratory improvement projects of
two kinds: one will provide incentives for individual investigators to develop laboratories
and modules by supporting personnel, travel, support services, and dissemination costs
as well as those for instrumentation; the other will provide funding to groups of
institutions and organizations for comprehensive projects to revise whole laboratory
sequences. And,

A new ILI thrust will make small awards for the dissemination of exemplary laboratory
improvement work, whether funded initially by NSF or not.

47-044 0 - 91 - 7
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Course and Curriculum Development Program; Local Improvements and Comprehensive
Projects for Introductory Courses.

There is need for a variety of projects, large and small, to stimulate faculty efforts that
will yield new undergraduate courses and curricula. In this area, the Foundation will emphasize:
re-thinking professional and pre-professional curricula; courses for nonscientists; timely applica-
tions of new knowledge and technologies; involvement of rcsearch-oriented faculty; and two
critical articulations -~ high school with college, and two-year institutions with four-year.

NSF has three undergraduate course and curriculum programs. One focuses on instruction
in the calculus, and another on the engineering curriculum (it was merged recently into the
Engineering Education Coalitions Progiam}; these have been running since 1988. The third one
is new: Undergraduate Course and Curricuium Development Program (UCC) in engineering,
mathematics, and the sciences.

The UCC Program provides support for the design, development and testing of major
changes intended to increase the effectiveness and efficiency of undergraduate courses, curricula,
and attendant laboratories in engineering, mathematics, and the sciences. Emphases are placed
on timely applications of new knowledge and technologies; re-thinking professional and
preprofessional curricula; courses for nonscientists; articulation with high school science and
mathematics; and involvement of research-orientea faculty.

NSF is planning that UCC will:

. Establish a strong focus on the critically important but neglected introductory-level
courses in engineering, mathematics, and the sciences. In a major effort, projects will
be supported to make these courses attractive and effective not just for potential majors
in their subjects, but for the much more numerous "other students" -- including technical
nonmajors, non-science majors, and future K-12 teache:s;

Initiate major curriculum improvement cfforts in the physical, biological, and behavioral
sciences like the Undergraduate Engineering Curriculum and the Calculus Curriculum
Development initiatives;

Foster broader participation in calculus course and curriculum development and assess-
ment by adding adaptation, refinement, and implementation projects to the course and
curriculum improvement activities supported at present;

Develop'incentives that will increase the involvement in curriculum reform activities of
science, mathematics, and engineering faculty members in all kinds of institutions -- to

" precipitate a change in the academic culture such that undergraduate teaching and curricu-
lum development become respected and rewarded once more; and
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Establish a number of select centers for undergraduate science, mathematics and engin-
ecring instruction, each of sufficient size to provide a viable nucleus of talent to work
on educational problems at that level. (Inquiries from the higher education community
indicate interest in foci such as the individual scientific disciplines, various multidiscipli-
nary combinations, and several emerging interdisciplinary areas.)

* & %

Initiative I. Supporting the integrated teacher/scholar role of undergraduate science and
mathematics faculty.

® ' Research Experiences for Undergraduates.

The Research Experiences for Undergraduates Program (REU) is managed by the
individual research directorates. It promotes direct collaborative participation in academic or
industrial research by promising undergraduate students. The Program (1) supports the creation
and operation of undergraduate research sites in established industrial and academic research
laboratories, and (2) provides access to rescarch experiences by incrementing current NSF
research awards so that undergraduate students can be brought onto the research team.

NSF’s planning in the undergraduate research area includes:

. Continued expansion and evolution of the REU program with emphases on involvement
of students from underrepresented groups, and of those enrolled in colleges that do not
have substantial established research programs.

Establishment of a complementary program to support student research projects under
the direction of a faculty member (complementing REU, which supports students to vvork
on faculty research projects).

Special programs to expose undergraduates to the geosciences, and computer and
information sciences (planning will be started on new approaches to introductory
biological and behavioral science courses).

NSF Programs for Undergraduate Faculty.

This is an area of critical concem. There is demonstrated need for activities which will
enable faculty to remain intellectually vigorous, current in their disciplines, aware of up-to-date
curricular developments, and prepared to stimulate student learning. This need exists for faculty
at all kinds of collegiate institutions -- research universities, primarily undergraduate colleges,
and two-year colleges.
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Faculty cannot gain currency in their disciplines through "one-shot” activities; continuing
participation in a community of scholars/teachers is required.  Similarly, widespread
improvement of instruction and curriculum will not be achieved through the successful marketing
and adoption of the work of a few reformers; support must be provided to faculty members all
across the nation for individual and local improvement efforts.

The Foundation supports several programs designed to assist the professional growth of
undergraduate faculty members. One of these is the Undergraduate Faculty Enhancement
Program (UFE); it supports efforts to improve the disciplinary capabilities and teaching skills
of faculty members who are involved primarily in undergraduate teaching. Grants are made to
single institutions or to coalitions to conduct regional or national seminars, conferences, short
courses, workshops, or similar activities for groups of faculty members in which the participants
learn about new techniques and new developments in thei: fields.

During the next few years:

. A major new thrust will focus on improving the quality of teaching and learning in the
Nation's two-year colleges through partnerships between the two year colieges of a
region and at least one four year college or university. NSF will fund the initial
interaction and lend continuing support to projects of up to five years duration that
address faculty development through curriculum improvement activities, joint research
projects, laboratory innovation, and team teaching.

Another new thrust will support workshops that bring together faculty from different
types of institutions to work together on the development of an important educational
product in a disciplinary or interdisciplinary area.

Extending the Undergraduate Faculty Enhancement Program, the Foundation will support
a program for individual faculty members who have demonstrated potential for major leadership
roles in undergraduate education. The program will enable them to: investigate undergraduate
teaching and student learning; undertake currizulum development projects; and, become part of
a national network of teachers/scholars, activety involved in the development and dissemination
of innovations in undergraduate and precollege science and mathematics education.

Research is one of several critical foci in the professional activities and development of
undergraduate faculty members. Part of NSF’s mandate to ensure the vitality of the Nation's
scientific and technological enterprise includes concern for the quality, distribution, and
effectiveness of such research in science, mathematics, and engineering. The Research in
Undergraduate Institutions program (RUI) is designed to: (1) support high quality research by
faculty with active involvement of undergraduate students; (2) strengthen the research
environment in academic departments that are oriented primarily toward undergraduate
instruction; and (3) promote the integration of research and eduction at predominantly
undergraduate institutions.
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‘Through RUI, NSF provides support for rescarch and research insturmentaton in non-
doctoral departments in predominantly undergraduate institutions. Proposals to RUI must
address the expected impact of the proposed research on the research and training environments
of the department. Each of NSF's research directorates has a RUI target; this assures that RUI
is fully integrated into the regular research programs of the Foundation. RUI's FY1991 target
is $14.5 million; the target propased for FY1992 is $18.7 million.

. There has been increased support for RUI each successive year since its inception in
FY1984, and all targets have been exceeded. NSF plans to continue RUI's steady
growth.

NSF has two programs designed to assist the professional growth of undergraduate
faculty members who are women. One of these is the Visiting Professorships for Women
(VPW) Program. The entry and advancement of women into faculty positions in science and
engineering on a par with men, particularly in the physical sciences and enginecring, continues
to be a problem. The VPW Program enables experienced women scientists and engineers to
undertake advanced research at a host institution -- a university or college which has the
necessary facilities and resources. In addition to her research responsibilities, the visiting
professor undertakes lecturing, counseling, and other “interactive” activities to increase the
visibility of women scientists in the academic environment of the host institution and to provide
encouragement for other women to pursue careers in science and engineering.

. The Foundation plans to expand the VPW Program in the future; other changes in the
Program will increase its flexibility and usefulness.

The other NSF program addressing the professional growth needs of women
undergraduate faculty members is the Faculty Awards for Women Scientists and Engineers
Program (FAW). Itis a new effort designed to recognize some of the nation's most cutstanding
and promising women scientists and engineers in academic careers of research and teaching; to
help retain them in academia by providing research support for a five-year period; and to
facilitate further development of their careers. Nominations are made by their institutions on
behalf of tenured faculty women who are not yet full professors.

. The FAW Program is being initiated with approximately 50 awards in FY1991 and 50
more in FY1992. As the program matures, eligibility may be broadened to include
women faculty members who have not yet achicved tenure; and awards will be
distributed differentially among disciplines in an effort to address the most severe
underrepresentations (e.g., in Astronomy, Ocean and Atmospheric Sciences, Physics,
Computer Science, and Engineering).
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Initiative ITI. Making disciplinary content and active learning central to the education of
K-12 teachers of science and mathematics.

L Teacher Preparation Activities.

The Foundation’s Teacher Preparation Program supports the development and
evaluation of innovative approaches to the preservice education of future teachers of mathematics
and science. Special interests of the program are recruitment to teaching of members of
underrepresented groups -- women, minorities, and the disabled; preparation to teach more than
one subject; and projects that address expert-identified shortfalls in the content of teacher
education and the intense problems in the profession that are arising because of current
demographic trends. The Program does encourage colleges and schools of education “to redirect
the structure and content of their teacher preparation programs to focus more directly on science
and mathematics,* and many of the projects supported do emphasize "an active, investigative,
hands-on, content-based approach.”

The Foundation is considering a number of major additions to its present program of
. support for teacher preparation activities.

The projects supported by the Teacher Preparation Program are designed to yield new
teachers who are very deep in their subject matter knowledge and very skilled at teaching. The
accumulated experience of the Program has given us the building blocks for a much ditferent
way of addressing the Teacher Preparation task -- a different way that does not just tinker with
the present system, but which involves a basic rethinking, redesigning, and restructuring of the
whole tcacher preparation process -- and the creation, as a result, of a number of Teacher
Preparation Centers (TPC).

One category of changes in the system would be intended to change the culture and might

include:
. restructuring the relationships between the universities and the schools through
| establishment of linkages and building of human resources, and remaking the ways in
which members of the universities’ education and disciplinary facuities relate to the
\ teacher preparation activity and te each other;

. connecting teacher preparation to the huge task of teacher enhancement, and building
leadership for future teacher enhancement activities;

. rethinking and rebuilding the responsibility, accountability, and policy-making structures
within the universities and between the universities and the state departments of education
that control licensure; and

. establishing mechanisms for professional development of teachers at every stage of their
careers -- novice, journeyman, master, and senior.

ERIC
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A second category of changes in the teacher preparation system would be intended to
expand the knowledge base -- and, of course, to apply and build on the expanded base; it might
include:

. doing research on learning and teaching; on the content, development, and presentation
of instructional materials; and on educational methodologies and technologies;

maintaining a robust graduate program, and sharing and disseminating research through
exchanges between universities of faculty members and graduate students; and

integrating knowledge of discipline,.of students, and of pedagogy.

As presently constituted, universities provide knowledge of discipline, of students, and
of pedagogy quite independently of each other. But, the classroom teacher functions at the
intersection of those domains. Teacher Preparation Centers coull provide far more effective
preparation for that service than present mechanisms. NSF's support would be for faculty time,
possibly for undergraduate and graduate student scholarships, and for support activities.

(4 Teacher Enhancement Activities.

Among the important objectives of the Foundation's education programming are
improvement of teacher capabilities; positive reform of the curriculum; harmonious interaction
of teachers with administrators; better articulation between system levels - elementary, middle,
and high school; and improved student achievement.

The Foundation's Teacher Enhancement Program is encouraging proposals that are moving out
in several new directions:

. to develop materials for teachers that will help them teach better; these would not be
textbooks for students or materials for direct classroom use (e.g., resource volumes on
biotechnology for biology teachers, materials science for chemistry teachers, chaos and
fractals for mathematics teachers -- cutting edge topics probably not covered in their
undergraduate preparation);

to develop materials on hov: to conduct effective inservice activities for teacher
enhancement (how do adults learn; how does one teach his peers?); and, combining the
two,

proposals for "leadership” projects in which the participants are teachers with the
potential to be leaders in their respective communities -- teachers who will, as a result
of their project experience, be qualified to teach other teachers through workshops and
other inservice activities.
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The Teacher Enhancement Program is beginning to fund projects that cover much or all
of a major city (an informal "urban initiative™). One such is a City of Baltimore (MD) system-
wide effort to improve science education; there are similar projects in Tampa (FL), Cleveland
and Cincinnati (OH), and Pasadena (CA). There is also an elementary schools mathematics
project of this type in Boston (MA).

The first awards under the NSF Statewide Systemic Initiatives Program (SSI) {to
Cornecticut, Delaware, Florida, Louisiana, Montana, Nebraska, North Carolina, Ohio, Rhode
Island, and South Dakota] are for projects that involve undergraduat institutions in many ways
with efforts to improve science and mathematics education in the sthools of whole states.

« "

Initiative IV. Developing partnerships focused on strengthening undergraduate science and
mathematics.

L] Colloquia to Discuss "What Works® in Undergraduate Scisnce and Mathematics
Education.

Such colloquiz would be part of what the Foundation calls its undergraduate leadership
activities. NSF’s leadership activities are intended to be bo!d steps to establish and maintain the
leadership of the Foundation in efforts to advance and maintain the quality of undergraduate
education in engiaeering, mathematics, and the sciences; and to stimulate interest in- and active
support of- uindergraduate education by other sectors, i.e., scientists, academic institutions, the
States, the private sector, and other Federal agencies.

The Foundation plans aggressively to stimulate discussion throughout the academic
community of issues important to the character, quality, and effectiveness of undergraduate
education -- e.g. undergraduate science education in institutions of different types; the
curriculum and articulation; and dissemination of innovations from the source institution to other
campuses.

Among other leadership activities to be pursued by NSF during the next few years are these:

L4 Preparing short- and long-range program plans for NSF support of undergraduate
science, mathematics, and engineering education -- in consultation with the other NSF
Directorates, professional groups, the academic communities, and persons from the
private sector;

Developing programs to attract senior research faculty to activities that will improve
lower division undergraduate instruction;

Encouraging cooperation and sharing of resources among colleges and universities to
increase effectiveness and help control the costs of undergraduate instruction; and
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Supporting natworks arnong the States and local higher education decision makers to
disseminate information, share ideas, and develop cooperative strategies to improve the
health of higher education in the sciences.

NSF has found an important mechanism for both leadership and planning in the program
of workshops and conferences on undergraduate education conducied by EHR's Division of
Undergraduate Science, Engineering, and Mathematics Education (USEME) in conjunction with
NSF's research directorates. The participants in these activities are distinguished academic and
industrial scientists, engineers, and administrators.

The current set of USEME workshops and conferences is focusing on problems and
opportunities of science and mathematics education in institutions of various types. Reports arc
now available that examine two-year and community colleges, and comprehensive state
universities; the report of Project Kaleidoscope speaks to the problems and opportunities in the
liberal arts colleges; and in late 1991 a similar report should be completed on research
universities.

These workshops, and the reports of their findings and recommendations, are contributing
significantly to the growing national understanding of- and concern for- the needs of under-
graduate education. The regional and national colloquia proposed in the Kaleidoscope report
would seem to be a logical extension of the workshops activity.

. Partnerships.

The Foundation mounts several endeavors to create a variety of partnerships to address
the diverse predicaments of science and mathematics education. Virtually all of them do or can
involve liberal arts colleges. For example:

. Alliances for Minority Participation (AMP) is a new program designed to effect funda-
mental changes in the education of underrepresented minority students in science, mathe-
matics, and engineering. The goals of the program are to raise the quality of education
received by such students and to increase the number of them who earn engineering and
science baccalaureate degrees, go on to undertake graduate study, and attain the Ph.D.

The "alliances” in AMP's name are coalitions among academic, governmental, industrial,
and non-profit organizations established to create comprehensive approaches to the
achievement of the Program’s goals. The academic allies are usually a cluster of
universities and two-year and four-year colleges.

The AMP program focuses on the undergraduate level, but individual projects include
activities that affect minority student advancement through one or more of the critical
decision points on the educational pathways to science and engineering careers: i.e., the
transitions between high school and college, 2- and 4-year colleges, undergraduate and
graduate study, and academia and the workplace.
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The Private Sector Partnerships Program (PSP) was established in FY1991 to foster
use of the intellectual capital of business and industry in addressing the manifold needs
of K-12 education in partnership with large urban schools, school districts, and regional
consortia, [PSP came into being in 1988 through the first of a serics of special
solicitations within another EHR program.] PSP projects cxemplify a variety of new
kinds of collaborations to improve science and mathematics education.

PSP will continue to marshall the commitment and intellectual capital of business and
industry to work in partnership with large urban schools, school districts, and regional
consortia to improve education in science and mathematics; and emphasize projects in
which the participation of scientists from business and industry is the enabling element.

As interactions within an institution of a number of high quality programs are synergistic,
so are consortial interactions among institutions. Hence, during the next five years the
USEME Division plans to:

Initiate a program of challenge grants to colleges, universitics, and consortia to support
correlated and integrated sets of projects designed to improve undergraduate instructional
programs (with emphases on cost-sharing, and on encouragement of partnerships with
private sector organizations ~ including the science and engineering professional
societies).

Provide, through a major subprograrn, incentives for forming consortia each involving
a lead university (or 4-year college) and a group of 2-year colleges. These consortia will
work on articulation between these types of institutions and to develop coordinated
projects for improving lower division instruction in mathematics, the sciences, and pre-
engineering technology.

Computer and Telecommunications Networking.

Staff in NSF's Directorate for Education and Human Resources (EHR) and Directorate
for Computer and Information Science and Enginecring (CISE), in consultation with expert
advisors drawn from education agencies, schools, and higher education, have analyzed the state
of the art in computer-communications networks, the level of networking activity and know-how
among educators and teachers, priority needs in science and mathematics education, and
opportunities afforded by the technology.

Based on this analysis, NSF has begun to establish new, more powerful linkages and
collaborations among persons and technological resources involved in scientific research and
education in science, mathematics, and engineering. These linkages and collaborations are
supported by digital communication networks and computer-based resources through NSFNET
and the National Research and Education Network (NREN) as proposed in the FY1992 Initiative
on High Performance Computing and Communications of the Federal Coordinating Council on
Science, Engineering, and Technology (FCCSET).
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The new organizational arrangements and technology resources supported by these NSF
programs will add value to and make more efficient and effective the processes by which new
knowledge, tools and materials are created, communicated, understood, and implemented by
teachers and students at all levels of education: This infrastructure-building program is intended
as the first phase of a strategy leading to more widespread implementation of advanced
technologies and curricula in education.

NSENET, the connected Inrernes, and the NREN will help make science education --
especially NSF-supported education projects -- more responsive 1o changing national and local
needs. Computer communications networks will support new paradigms of learning and teaching
-- paradigms more responsive to current and future national needs for education in the

information age.
. * ¥

The report of Project Kaleidoscope shows us the potential of the nation's liberal arts
colleges to extend strengthen science and mathematics education, Just about a year ago, a report
entitled "Formula for Reform” showed us the important contribution that the comprehensive
universities could make to such efforts. The Foundation is determined that the resources of ALL
of higher education be brought to similar service. The United States’ systems of higher
education are the most comprehensive in the world; their strength is great, but must be
increased; that strength must applied to the improvement of education in the nation’s schools.
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Mr. WoLpe. Thank you very much, Dr. Williams. I have a series
of questions that relates to that last point. But I believe Mr. Nagle
seemed eager to ask a question a moment ago.

Mr. NAGLE. Just the one. I have three questions, but the one you
have already answered. I wanted to break in just to confirm it.

OTA would like to ask if the Project Kaleidoscope model is an
NOSF educational priority, and I gather it is not, by what you said.
It is simply one of several studies you are going to be looking at.

Dr. WiLLiams. Well, it's a priority. It is not the priority. It is a
very important one, and it is important in the following regard: it
deals with the very important three major sectors that we have re-
sponsibility for, comprehensive universities, research institutions,
and liberal arts institutions. While it does not apecifically speak to
minority institutions, I think some attention has been given 10 that
collection of institutions.

So certainly in terms of the institutions it represents, it will be
integral to our planning process. But it is not the priority.

Mr. NaGLE. Thank you.

Mr. Worpe. Thank you, Dave. Before turning to the last issue,
Dr. Williams, I want to ask Dr. Chubin a question. The OTA analy-
sis—I think it parallels very much the general thrust of the recom-
mendations of the Project Kaleidoscope report, the emphasis on the
role of the small liberal arts colleges, the integration nf research
and education.

My question is, are there any significant points of differences or
nuances or emphasis in the OTA evaluation that we ought to at
least be focused upon in comparison to the Project Kaleidoscope
undertaking?

Dr. CrUBIN. Let me just comment on the partnership component
of Project Kaleidoscope. If I have a criticism, it doesn’t distinguish
this particular project from a project that might be done by two-
year and community and junior colleges, or a different project that
would be done by research universities.

I think there is a reliance on Federal support, and in this par-
ticular case, NSF support, to ensure the continued success of some
of these activities that I think first, are unnecessary, and second,
may be wishful thinking.

In other words, if one believes that partnerships work, and given
the participation of the foundations that are already involved in
this project, then the participating institutions need to devise ways
of making their dollars go further without expecting NSF to bail
them out.

In my written statement, there is a line that says something to
the effect that NSF is asked to be all things to all people. It is
being stretched to the limit. If anything, Project Kaleidoscope has
already demonstrated the capability to make things work on these
various campuses that are participating. Given the mobilization of
resources and of faculty and given the leadership of the presidents
involved, I am very optimistic about that.

But I would hope that would not tie the future success and the
spinoffs of that success to increased NSF funding. I perhaps share
with you, and perhaps not, a concern that that funding won't be
forthcoming. I don’t want them to think that they are so utterly

P
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dependent on it that if it’s not forthcoming that their efforts
become interrupted or perhaps are terminated.

Mr. WorpE. Thank you. I did want to pursue this question of re-
search, the RUI program. We have received testimony prior to
today that emphasized the critical role that the RUI program plays
at predominantly undergraduate institutions. So when we began to
rather innocentl:y ask some questions, we were a little surprised by
the reaction and response within NSF to those questions.

Does the NSF consider the RUI program to be a successful pro-
gram, or are there problems you have with it?

Dr. WiLLiams. I think it is a successful program, and I would
argue that it is a very important one. And I am absolutely confi-
dent from the character and nature of discussions I have had with
my research colleagues, the assistant directors and research direc-
tors, I am speaking for everyone. There is no question that it is
highly valuable.

Mr. WoLpE. Is there a central office right now that is overseeing
this program at the moment?

Dr. WiLLiams. No.

Mr. WoLpE. There was a central office previously?

Dr. WiLLiams. There was an office before the reorganization.
There was a division within another Directorate, the STIA Direc-
torate, Scientific Technical and International——

Mr. WorLre. It's refreshing to find someone within the agency
who is not aware of the acronyms. I thought it was only us types
that had that difficulty.

Dr. WiLLiams. That'’s right. [Laughter.]

I think it’s refreshing.

That was a division called Research Initiation and Improvement,
and to be honest, it was at least in my view a sort of collection for
a variety of programs that did not have much in common. One of
the things it did was coordinate on behalf of the research directors
a variety of functions.

Mr. WoLpPE. But there was one individual that had that coordi-
nating responsibility?

Dr. WiLLiaMS. Yes, that's right.

Mr. WorLpe. Was that person located in the division of Human
Resources Development?

Dr. WiLLiaMs. That person was originally located in the Research
and Initiation Division of STIA. Now, when the Directorate—when
the Education and Human Resources Directorate was reorganized,
was created, those personnel came to a new division called Human
Resource Development. Obviously, up to the time the policy com-
mittee made the decision to transfer it, that person had that re-
sponsibility.

Mr. Worre. So at that point, the division of Human Re-
sources——

Dr WiLuiams. That's right. Who coincidentally always had it. It
was the same individual.

Mr. WoLpE. That was Dr. Joe Danek’s office?

Dr. WiLLiams. Yes.

Mr. Worre. Why was the judgment made that that office no
longer coordinate and oversee RUI programs? '
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Dr. WiLtiams. Because we honestly didn't think it was necessary.
We didn’t think the coordination was necessary.

I don’t know if this is appropriate, because he is not sworn in,
but my colleague, Dr. Sanchez, who has a very large component of
this program from a research Directorate, if possible I would like
for him to speak to it. I can give you my view of why I don't think
it was necessary.

Mr. WoLpre. Would you?

Dr. WiLLiams. Well, all four of these programs I just described,
what distinguishes them from everything else we do is that they
are not in the Education and Human Resources budget that is ap-
propriated by the Congress. It is not my management responsibil-
ity, fiscal or otherwise.

1low those programs work is that research directors get their re-
search account. They then, in collaboration with our Office of
Budget and Control, negotiate a target that says for this fiscal
yeélr, I will commit X amount for these activities, one of which is
RUL

The program people, the proposals come in——

Mr. WoLpe. Negotiate with who?

Dr. WiLLiAMs. Basically with the director of the Foundation, who
has to approve it. They set a target in terms of monies they are
going to spend, five of them. So in effect there are five programs, if
you want to view it that way. Their people set the targets, they
review the proposals, they make the merit review, they make the
funding decision.

It is important for the Foundation—I would argue—at the end of
a fiscal year to have a report that shows what in fact has been ac-
complished. The policy committee that I chair has that as a con-
tinuing responsibility. That report will have bearing on how the
targets are set for the next year.

The question is, should we have in effect a mailbox, and that’s in
my judgment, basically what the coordinating role was. A person
who was conducting it had nn management responsibility, had no
control over finances, but was very important in having a contact
with which the community could interact.

From the comments I have heard regarding it, I am certainly not
adverse to reconsidering it. But if it were reconsidered, the goal
would quite frankly have to be somewhat more substantial than it
being a mailbox. The person really is in effect coordinating.

Mr. WoLpE. It was not just in the testimony today. The letter
from Project Kaleidoscope to Dr. Massey, states: “Given its distrib-
uted nature, strong oversight of RUI by a single office must be
reinstituted.” So this is not——

Dr. WiLLiams. But I don't think there was strong oversight in the
first instance. The way I do bottom lines is that the person didn’t
have control over the budget, the person did not have control over
the review of the proposals, did not have control over the award
process, so at best what the person could do was provide general
advice before the proposal was submitted and collect the informa-
tion from the research directors and prepare a report. That was
not really oversight. Coordination, maybe, but not oversight.

Mr. WoLrrE. But you would not be adverse to having more power
to oversee the program?

Ry




203

Dr. WiLLiams. No, that’s not what I said.

Mr. WorrE. I was asking you a question.

Dr. WiLLiaMs. I don't seek it. Let me tell you what I would like. I
would like the RUI program internally in the program office in
each of the Directorates, myself, the assistant directors, the direc-
tors of the Foundation, but most importantly the community that
is served, all of us in unison, to feel that it is a highly valued pro-
gram and it is working. What I am interested in are what are the
deficiencies now in addressing them.

It seems to me it is important to have, if this is the case, to have
some identified individual from the vantage point of the communi-
ty, who could be helpful. But what I cannot do by definition is
change those fundamental responsibilities that reside in the re-
search Directorates. That is going to remain.

Mr. WoLpE. I understand that. But if I understand the thrust of
earlier testimony, there are two or three different issues involved.
One is that first of all, the targets have been reduced, at least the
allocation of funds have not been sustained, commensurate with
the need.

Dr. WiLLiams. Absolutely. But that’s true of everything.

Mr. WoLpk. I understand that. But to the extent—going back to
the point you made that you don’t have a separate budget item
that could be pulled out and given a separate budget itemization,
particularly in this climate, it may be ore important to make
that happen.

The second issue is the manner in which funds get allocated. We
heard some testimony indicating that the criteria for the allocation
in some instances seems to be off target in terms of the central
mission and purpose of the RUI program.

Dr. WiLL1aMS. Right.

Mr. WoLrk. I take it that was the reason for the desire that there
be a central focus, a coordination.

Dr. WiLLiams. Right.

Mr. WoLrE. The third issue is the notion of mission, that is with-
out someone that really sees that as his or her principal manage-
ment function, you don’t have a heck of a lot of effective focused
advocacy.

Dr. WiLLiams. Okay. On the last point——

Mr. WoLrk. I have no objection if——

Dr. WiLLiaMS. Let me respond, then I will have David respond.
On the last issue, that’s the one that quite frankly I am most—
well, I am open to all considerations. But that’s the one that seems
to me could result in enhancement, if there was someone whose
primary responsibility was to make sure they really understood the
program and worked effectively with the community.

On the other two issues, the targets have been reached, they
have been exceeded. They have been exceeded even in the years
when the research Directorates took reductions in budget. So that
in my judgment is not an issue. In fact, this year I can tell you
where the results are.

The example that was cited about presumably the several re-
views where there were inappropriate statements, sadly, in the
peer review process that happens. That imperfection is no greater
in my judgment in this program than elsewhere. Having one coor-

207




204

dinator who is still not a program officer in the research director-
ate where the review is actually taking place is not going to mate-
rially contribute to that process.

The last issue you cited is the one which we could actually think
of ways to try and address.

Mr. WoLrE. The decision to remove Education and Human Re-
sources as the central coordinator was made by the EHR policy
committee, is that correct?

Dr. WiLLiams. Right. That’s correct.

Mr. WoLpE. At a meeting in December, as far as I can tell?

Dr. WiLLiams. Right.

Mr. WoLprk. Thank you.

I would like to ask unanimous consent to enter into the record
the response that we received from NSF to a subcommittee docu-
ment request that details that decision. I think you are familiar
with the memos.

[The information follows:]
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NATIORAL SCIENCK FOUNDATION
1800 G STREET N.W.
WASHINGTON, D.C. 20880

onc:g:rl

ASSISTANT DIRECTOR

FOR EDUCATION ANO July 9, 1991
WLMAN MSOUACES

The Xonorable Howard Woipe

Chairman

Subcommittee on Investigatione and Overeight
Committae on 3cience, Space, and Technology
2320 Raybura Nouee Office Building

U.8. douee of Representativee

vaehington, DC 20818

Dear Chairman Wolpe:

Enclceed are docuaents you raquested relating to recsnt changee in
the coordination of several programe in the Education and Xuman
Rescurces Directorate at the National soience Foundation.

The RHR Policy cCommittee im a wvorking group comprieed of the
reecarch Aesietant Directore, ochaired by myeelf. We are not =
standing committes of the Proundation, but meet informally to
diecuse aanagement and policy ieeues related to all of the
Youndatica’s cduoation and human resources activities., Ae euch,
our group 40ee not prepare or kxeep minutes.

I am forverding this material, dut I would requeet that eince eome
of it could be exeapt from dieclosure to the public in order to
eafeguard the delibverative procees of the Poundation, it not be
disseminated beyond the Committee and ite etaff.

b npfzoeinto the opportunity to be of aseietance to you and the
Comnittee and I look forwerd to the hearing ea gources of puture
Researol ssientiete on Thureday.

8incerely,

LW Sl
M’

Luther o, ¥illiams

Aseistant Directenr

tnoloeure

Telephone (202) 37-7557 FAX (202) 357-0819

47-044 0 - 91 - 8
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Dacembar 26, 1990

Charles Browmstein
Hary Clutter
[Robext Ccrell

* David Sanchez
Karl willenbrock

FROM: tuther §. Williams

SUBJECT: Croas-Dixectorate Programs

At our December 18th meating, we (the EHR Pelicy Committea) decided
that the following cross-directorate programs, for which the
research directorates have management and figcal responsibilities,
would be transferrved in full to the research diractorates. Thus,
this mezoxandum &z ¢to reiterata that decision &nd to recommend to
tha Acving Director approval of the transfer of program
coordination respousibility f£rom the EHR Uirectorate to the
research directorates for:

(a) Research Experiences for Undergraduates (REU) -~
(already acccmplishad);

(b) Research in Undergraduata Ingtitutions (RUX);

(e¢) Hinority Research Initiation (MRI)
(Planning and regular) grants;

(d) Research Planning Grants (RPGCs)
and Career Advancement Awards (CARs); and

(e) The Presidential Young Investigator Program

Lo Mo St

Luther S. Williams

Dr. Bernthal, 0/D
pr. White, O/DD . -

Telephone (202) I57-7557 FAX (202) 357-9813
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(20) From: rpowen st fafl8 2/7/91 S:30P (3689 bytes: 38 ln)

To: lwilliam at WOIL

ce: cbrownst at NMOTE, dssnches st NOTE, Xwillendb at NOTE, mclutter st NoTE,
rcorsll st nafi2

bcc: jawbite, sbowen, wmeier, -skemnits, pherer

Subdect: Clarification?????

nelsage Contents -

I need aoxs clarification on s couple of isaues which we
discussed st cthe last THR policy coamittes seeting.

The firat issue concerns tre amount of new money sveilable
in FY92 for MAN. B3oth Dave Sanches and I thought we heard
you indicate that in FY92 you were zequesting for EMR an
additionsl $2.3M+ for FAN. <Thnis request, 1if funded, would
yield #5M+ to support the "second £ifty® FANs from the FYsi
solicicacion and the second year of the "first riftye,
During 8 conversetion with acms of the ENG staff conCerned
with FAN, one of thea pointed out that the FY$Z budget
requeat for FAN only showa $2.6¢5M. (3ee page

EHA-2€). Eithar Dave snd I aisunderstoed, or you must have
some Other ides 8s to how to fund the gecond fifty. Please
help us understand how the second fifty will be funcad.

The sensitivity of the number and how they sze funced ir

driven by my discomfort over the small sllocation (%) from -
the first figty which ENG i3 supposed to receive. If we

should snd up funding only fifty, then we muat come to scme
agresxent on & naw distribution.

Ths second lasue concerns the preliminary discussion we had —
about sasigning certsin BHR programs to the othar =
Directozates. I indicated our intersat in assuming

responsibilty for the HRI program. In taking this position,

I sasund that MRI {nvdlved working with minority

inatitutions raths: chan with minority investigatora,

regardless of insiitution. If the latter ia the case, then

I would like tha opportunity to lesrn more about the
zesponsibility bafore I commit our people. If the former is

the case, then we srs very much intezested. Through an

initiative started by John White last yesr, we have

established nuclonaniga with the HECU's which havae

Engineering programs. We wculd like the opportunity to

enlarge these ralationships with other minority

inatitutions. I 8130 undexrstand that you have 8 Resasrch for
Minority Scholars program. We have sn interest in this

program ahould it be one whica you put on your list for
distribution.

If it wozks out that MRI ias act the program for us, wve do
want to do our share by accepting other responsibiiities.

As would probably ail directizates, we would enjoy having
responsibility for the PYI program. Sharon Hiddledorf, of
our EID Divisican, is expert on the current program and would
be a reliable stsff person to ssaign to this

reaponsibility,

I hope you had a good RHR ratrest. I will be out of town
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during the veek of feb 1l. I will be reading my Lmail
during part of the week should you want to answer this note.

Thanks
fay

Q

ERIC

PAFullToxt Provided by ERIC




Q

ERIC

PAFullToxt Provided by ERIC

209

i bO PM “NSF LEQMLPUS.

February 19, 1991

MEMORANDUM

TO: Ray Bowen /
Charles Brownstein
Mary Clutter
Robext Corell
bavid Sanchez
Karl Willenbrock

FROM: Luther S. Willlams  Acidr S\ Lt
SUBJECT: Crose-Directorats Prograns

At our most recent mesting, we (the ENR Policy Coxmittae) dacided |
that the following cross-directorate programs, for which the
raseadrch directoratas have managenment and fiscal responsibilities, |
would be transferred dn_ _full to the rasearch directorates.
Spacifically, it is requestsd that the Acting Director spproves the
transfar of program coordination responaibility from the EHR
Directorate to the resesrch directoratss as shown below.

(a) izuurch Experiences for Undeaxgraduates (REU) -
sites, ¥RS;

(b) Research in Undergraduate Institutions (RUI) =
No assigraent necessary;

(¢) Minority Research Initiation {MRI)
(Plannirg -and reqular) ¢rants, ENG; ang

(d) Resesarch Planning Grants (RPGS) .
and Career Advancemant Awards (CAAs), B3S

Dr. Frederick sernthal, o/D
Dr. John wWhite, 0O/DD

Telephone (202) 357-7857 FAX (202) 367.6813
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NATIONAL SCIENCE FOUNDATION
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',(;d,; February 25, 1991
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ASHSTANT CIAECTOR
QA LG/ NELLMING

2

MEMORANDUM

T0: tuther 5. Williass
Assistant Director, EHR

2] FROM: Ray M. Bowen L /{CWV

Acting Assistan ector, ENG

SUBJECT: <Cross-Directer Prograns

The purpose of this memorandum is to alert you to a sxzall Loint
which wags overlooked in your memorandum of February 19, 1221 to the
nembers of the EHR Policy Committee. In an Email message to you
dated February 7, 1991, I requested more information about the
Minority Research Initlation (MRI) program prior to ENG assuming
responsibility. I explained in that nessage we are intereeted in
increaeing our activities with wminority institutions. If the
progran also involves the administration of awards to =minority
researchers regardless of their institutional affiliation, then we
would 1like to learn more about the program prior to accapting
responsibility. In the same Email maessage, I expressed an interest
ir ENG having a role with your Minority Scholars Prograz. ¢

If you will ldentify a contact person within EHR fcr the MRI
program, we will study this program further. Thank you for your
attention to this requeet.

Copy furhished:
Dr. Freder_sk M. Bernthal
Dr. John A. White

Dr. Wilbur L. Meier, Jr.
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Mr. Worrk. I am raising this in part, because I am anxious to get
a little clearer understanding about the decision-making process
here. Just from an oversight standpoint, I would like to know how
decisions get made. I think that would be useful for us to under-
stand policy outcomes as well,

Before doing that, Dr. Sanchez, would you please stand?

[Witness sworn.)

hMr. WoLre. You had wanted to make a comment, so please go
ahead.

Dr. SancHEz. Mr. Chairman, thank you for allowing me to speak,
and I want to thank the leaders and faculty of the four-year col-
leges who have r:layed such an important role in bringing forth our
country’s future scientists.

I want to talk about commitment very briefly. The Mathematical
and Physical Sciences Directorate, of which I am in charge, the
MPS target for the four programs in question, RAW, MRI, RUI,
REU, was $11.2 million. We awarded $12.9 million. That $1.7 mil-
lion came out of our research base.

In 1991, for which we don’t have the full figures, for instance the
target within the RUI within our Directorate is $4.1 million. We
have already obligated $6.4 million. Targeted funds are used for
’lc)argeted programs and they are not moved back to the research

ase.

We use as much as possible the award figure of the previous year
as the target for the next year. Hence, growth is built in, and it is
demand-driven.

Talk about special responsibilities—research Directorates feel
very strongly their key role in undergraduate education with the
Federal EHR initiative. Let me give you a real simple example.
Many of us have realized the paucity ¢f upper division undergradu-
ate courses in materiz.! science, one of the top priority sciences in
the coming decade.

Within our 1993 budget request, I have assigned approximately
$1 million to be used for developing such courses. I didn’t ask Dr.
Williams, I implemented the recommendation for the academic
community, my own program officers.

Pride of ownership—what was described above was basically ac-
complished because of the pride of ownership of programs as Mi-
nority Research Initiation, Research Awards for Women, Research
in Undergraduate Institutions, and Research Experience for Un-
dergraduates, by the research Directorates, which knowing bu-
reaucracies as you gentlemen do, would not occur, I believe, within
a centralized management structure.

The advocacy of these programs by the research Directorates is a
key factor in proposing commendable increases suggested by the
Project Kaleidoscope report. I suggest, as Dr. Williams had alluded
to, that most of the problems described in management can be
solved by better informing program officers and better internal Di-
rectorate coordination and information dissermination.

Dr. Sullivan very aptly cited the very important synergy between
the NSF program officer and the college professor which is what
makes for real success. That's what I want to emphasize, that that
occurs because we have a pride of ownership in the program, and
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we manage the program, and a large part of it comes out of our
own research base.

Mr. WorrE. Let me just say that I think the Project Kaleidoscope
report, the witnesses’ testimony today, and I might say, this com-
mittee historically, has really urged that the coordination and over-
sight responsibility for these undergraduate programs be horsed,
undertaken, by the Education and Human Resources Division.

I think the intent of this committee was certainly clear, and this
change in policy by NSF, I certainly think, flies in the face of what
had been the intent expressed by this committee.

In light of the history that we came upon in looking at RUI for
this member highlighted the validity of the original concern and
set of recomimendations. I want to gc to that at this point. My un-
derstanding is once this informal group had made its recommenda-
tion, that there was no—while the decision had been made to
transfer responsibility out of the EHR, there was no final disposi-
tion of these programs actually included in the memorandum that
was issued at that point.

In fact, according to the message that Dr. Bowen, a member of
the EHR policy committee, sent to you, Dr. Williams, on February
7, I think you have the exhibit in front of you, according to this
message the policy committee had preliminary discussions, not a
decision, on these programs.

Was there a decision made at this policy committee meeting as
far as you were concerned?

Dr. WiLLiaAMS. Yes. What is reflected in the first inemo is what
we decided. We basically went program by program and asked the
following question. REU, as you know, is distributed to the re-
search Directorates. It would be important to—I'm talking about
two components of REU, to be precise. One is a supplement to a
research grant, and that’s not an issue.

Mr. Worpe. Well, apparently not everyone at the meeting was
aware that a decision was made, is that correct?

Dr. WiLLiams. Yes, a decision was made.

Mr. WoLpe. But apparently not everyone was aware of the fact
that a decision was made. Is that an accurate statement?

Dr. WiLLiams. If you take literally Bowen's note to me, yes, that
would be correct. We met and we made a decision. The decision is
exactly what I have in my memo.

Mr. WoLpE. In a February 25 memo, Dr. Bowen again expresses
concern about accepting one of these programs.

Dr. WiLLiams. That's right.

Mr. Worpe. This program was not transferred to Dr. Bowen’s
office as stated in the February 19 memo, is that correct?

Dr. WiLLiams. That's correct, in response to that. That’s the one
that was retained in my Directorate, the Minority Research Initi-
ation, and that's why it was retained.

Mr. Worre. And the RUI program, the memo says it has no as-
signment?

Dr. WiLLiams. That'’s right. What I mean by assignment is that
no one—we decided, as I indicated to you earlier, that we could
manage without coordination. So no Directorate was assigned that
coordinating responsibility. That's what it means.

2
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What was being transferred is the coordination responsibility, ev-
erything else.

Mr. WorLre. What comes zcross, though, is a judgment that the
prograrn was working well while it was being overseen by Educa-
tion and Human Resources. So the policy committee decided to
remove it from Education and Human Resources.

Dr. WiLLiams. Remove the coordination, right. Well, the policy
committee decided the coordination was not necessary. The merit
of the decision is debatable. But that was the decision we made.

Mr. WoLpe. Well, I welcomed your indication of a reassessment.
Because I think there is substantial——

Dr. WiLLiams. Well, it's entirely reasonable. Let me make very
clear and reiterate what I said earlier. It’s true of RUI, and of all
of our programs. The objective is to use a limited resource base fo
support a program designed by the very best advice we have to
evaluate the program as it proceeds in order to ensure that it is as
efficacious as possible. If one of the rate limiting events is that
there is a problem in terms o coordination or related issues, then
indeed we should reexamine it.

Mr. WoLrpe. Let e just say that one element of this whole exer-
cise that was a bit disturbing is that our staff had to discover this
change in policy. When the decision to transfer programs was
made, back in February, a lot of folks over at NSF had had the op-
portunity to share that decision with this committee and it was not
done.

I would hope that in the future you could keep us informed and
we could have a closer understanding of precisely what was con-
templated and why, particularly in this instance where there is a
violation of what had been established.

Dr. WiLLiaMs. I will show you an instance of where an Education
and Human Resource program will do just that.

Mr. WoLrek. I also think we do remain concerned about this and
the other undergraduate programs that operate across the Direc-
torates of the NSF. That’s not to take away anything from the
commitment of specific research Directorate heads, but it is to say
that we want to be certain we don't lose focus, that the community
of people that are so dependent on these feel that they have both
an advocate, a mission and focused coordination.

Dr. WiLuiams. I know it’s difficult to convey what I am about to
say in this setting. I am not concerned with that issue. It’s possible
that I could be concerned. The reason I am not concerned is the .
quality, the candor, of the interaction that I have with the policy
committee and the assistant directors. There is no lack of consen-
sus in terms of what we are attempting to accomplish and the will-
ingness to operate in a collaborative mode.

Mr. WoLre. Let me say I don’t question your personal commit-
ment.

Dr. WiLLiAMS. It's not my personal——

Mr. WoLpE. Or that of other individuals that are involved here.
But I don’t want to see a situation that is dependent upon personal
commitment. I would like to have an institutionalization of the
process that can guarantee some continuity.

217
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I must also go back to what I said in my opening statement. I
have to tell you, the interaction that took place between the
member of your Foundation, Mr.—~—

Dr. WiLLiams, Yes. Mr. Danek.

Mr. WorpE. Mr. Danek and my staff, it was frankly shabby.
There should never have been that kind of conversation. And I was
concerned about the nature of the interaction with my staff as to
what it might say about the nature of the interaction between him
and other staff. That kind of bureaucratic thing is not helpful. We
are not here to do anything but try to help solve some problems
and work with you to attain a solution to those problems.

So I hope that a message may be conveyed in the strongest possi-
ble way.

With that, Mr. Nagle.

Mr. NaGLE. Let me pursue the question that has been supplied to
me by OTA. What would NSF say is the most constructive role
Congress could play, aside from the provision of more funds?

Dr. WiLLiams. I think we have in fact for several years—I will
restrict my comments to the undergraduate arena—several years,
almost now a decade, of growth in the budget. What that translates
to is several years, five to seven years in some cases, of the pro-
gram.

As has been indicated, the Foundation resource base is such that
in trying to serve programs, undergraduate programs and research
institutions, comprehensive institutions and the institutions repre-
sented by Project Kaleidoscope, it is very important that we have
some reasonable sense of the difference that these programs are
making. Because NSF’s role is important but limited.

I would welcome the periodic queries from the Foundation with
respect to what this growing enterprise is translating into, and
what difference it is making.

I spoke earlier, and the other witnesses agree, that one of the
most important things we have done, last year, was to start this
attack on irniroductory courses, first-year courses. Several years
out, we would like to know, are we occasioning the requisite
change that we seek. So I don’t know what the right words for that
are, but something of that sort, beyond the important role in pro-
viding funds.

Mr. NacLe. This is an aside, but I have to tell you that I was not
terribly impressed with the commitment of the Administration.
The President announced a new educational initiative this week,
kind of taking a tin can, going around to the corporations and
asking them to donate money.

It’s kind of a national educational policy, a modern equivalent of
the March of Dimes. Maybe we could do it in movie theaters
during introductions, toco. Why should just corporations be in-
volved? That constitutes the national response to the crisis we
have. I think we need much more leadership from the Administra-
tion in terms of support for funding and the challenge. And I found
that disconcerting.

But the testimony we had today focused on the failures of our
larger research institutions to effectively participate in undergrad-
uate education. Is NSF looking at that at all in any direction or
concept, or discussion? What's going on?
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Dr. WirLiams. Yes, that's why I made the statement that the
Project Kaleidoscope report, though a priority, is put in the context
of other reports. We have actually looked at the issues. We have
looked at another area of equal concerns, the two-year institutions,
an issue where one cannot even begin to separate the broad issue
that Dr. Cole was talking about with respect to minorities, because
of the substantial enrollment.

There is a very real problem there. But I want to make quite
clear what I think is NSF’s role in dealing with the broad issue of
research and education, as exemplified in research institutions.
Certainly we can be helpful, catalytic, try and provide leadership
and continue to raise the issue of achieving a more reasonable bal-
ance between teaching and education.

But ultimately, the driver for that disparate circumstance, as
you heard this morning, is the vaiue system of the umver51ty, the
reward and value system, which I do not see as NSF's mandate.
Nor if we were to incorrectly assume it, in my judgment, could we
do very much about it.

Mr. NacLE. The thing that scares me about that is what I said
- earlier, and I don’t necessarily disagree with all of what you said,
but I am concerned that NSF has perceived its role as one of a
stimulator and once it stimulates, it moves on. We don’t have a
continuity that is necessary to sustain programs.

Dr. WirLiams. That depends on the program.

Mr. Wovrre. I am a little disturbed by that. And I agree with the
analysis of the value structure of the universities themselves being
a principal determinant of the output.

But I disagree sharply with the suggestion that the Government
and Government policy cannot play a role in helping to provide
new direction if there is an area of major deficiency. And if in fact
one of the things we are learning is that the educational base of
science and math education, that is the teaching base, if you will,
of science and math education, is so deficient, then it becomes to
me pretty self-evident that one important role NSF can play is to
put more resources into expanding its educational capacity than it
has historically, that you shift the emphasis to deal with that par-
ticular deficiency.

Whereas, I think at least historically, the perception has been in
the academic community that NSF gave grants for research, rather
than grants for curriculum development, or grants to enhance edu-
cational teacher capacity. So I guess I am a little resistant to the
way in which you have rejected the NSF's role there.

Dr. WiLLiaMs. I'm sorry. I didn’t categorically reject it. I tried to
define its role. I fully agree with what you just described. But that
is limited. The point I was making with respect to research univer-
sities, that is a fundamental issue, integral to the reward system of
research-intensive universities.

Rather than taking that on per se, what NSF should do and
what NSF is doing is exactly what you just described. It is provid-
ing increasing support to the undergraduate math and science and
engineering component of those institutions.

But the question is often raised that if we could just reform—I
spent nearly 20 odd years at universities before coming to NSF
myself, most of which were research institutions. While the state-
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ment is often made that the NSF or the NIH grant is the driver,
the fundamental issue is the definition of the professurate. If you
are in a research-intensive university, primacy is assigned to a re-
searcher scholarship. There is in my judgment no fundamental way
NSF is going to do very much about that issue,

What we can do something about is precisely what you just
stated. We can continue to make substantive investments in under-
graduate education. At the margin, that will make some difference.
But ultimately the larger issues stand.

Mr. WoLpe. I would argue that—I don’t think we are quite
saying the same thing. If in fact one of the major reasons we are
not getting enough folks going into math and science generally and
specifically, people from underrepresented groups, minorities and
women, is because of the poor fashion in which science and math
are taught, beginning in the K-12 and onwards into the undergrad-
uate level of college, then I would think NSF ought to say that,
very loudly, very dramatically, very clearly, that that is a major
deficiency. You ought to be leading on that.

Dr. WiLLiams. We do. We do say that.

Mr. WoLpk. I think to the extent that there is a much more fo-
cused—not looking at this as something you impact at the margin,
but rather that a central mission of NSF ought to be to address
this teaching, educational deficiency right now, it would be enor-
mously helpful and ultimately impact upon the ethos and the un-
derstanding of these large institutions that now define themselves
80 heavily in research terms.

Mr. Nacie. If the gentleman will yield, I have been in this room
for five years. I really hoped five years ago when I heard the kind
of testimony that I heard this morning that five years later I would
not have heard this kind of testimony I heard today. I have not
seen a creative, energetic response from NSF to a continually grow-
ing crisis, other than continuing to try to stimulate.

I think you have to be more aggressive. I think you have to push
much further, and I think you have to push for more of a continu-

um.

Dr. Williams, I would add in your defense you haven't been
there, it’s not your fault. Nevertheless, I read the Neal report when
I first got here, and I read the PKAL report. I am somewhat as-
tounded to see if there is a difference between the two. I know
there are differences, but in essence the message is the same. We
ain’t getting the job done. The policy response of NSF seems to
have been that we ain’t going to get it done, that we can’t do any-
thing about it, that it’s too bad. It’s unfortunate, we will do what
we can around the margins.

But we have wasted five years, and it appears to me if we contin-
ue with the same policies we are going to waste the next five, and I
will be here 10 years from now and get the same kind of testimony
again.

Dr. WiLLiams. Maybe it’s less than five. I would like to take a
moment to tell you what we have done in the last year or so, that I
think is different.

On the broad issue, Dr. Cole spoke about the broad issue of mi-
norities, independent of institutions. We now have in place what I
would call a comprehensive program that basically starts at middle

2




school and ends with a doctorate degree, comprehensively address-
ing that problem, including within the undergraduate arena, a $10
million effort that only deals with minorities at the undergraduate
level in science and engineering.

We have this undergraduate Course and Curriculum Develop-
ment effort that is not a short-term model. We view this as a sus-
tained effort that is going to take a considerable period of time to
really reform undergraduate and freshman level courses. It was
not designed as a model or an experiment.

We have initiated another program that focuses, a similar kind
of effort, that focuses on women. Engineering curriculum, the un-
dergraduate engineering curriculum has not really been compre-
hensively examined in 25 years. We have in place now the Engi-
neering Directorate, several multi-million dollar coalitions that are
going to run for a considerable period of time to completely revamp
engineering education, which we cannot do without dealing with
the pre-engineering courses that address it.

We are in the third year of a major program dealing with calcu-
lus, calculus in all institutional settings, liberal arts institutions,
two-year institutions, research institutions, etc. So there has been, I
would argue, a change in the focus of the Directorates programs, to
what I would term more comprehensive, more reformed operations.

Mr. Nacgre. I thank the Chairman, and I thank you. It has been
a very valuable hearing for ine. I want to thank the other panelists
that are still here. I have enjoyed it. I am somewhat saddened by
it, but I do appreciate it. It is deja vu all over again.

Mr. WoLpE. Dave, I wonder if we might just ask OTA, as our last
question, this will close out the hearing today, if you might—what’s
your reaction to NSF’s progress to this point? The statement that
has just been made, how would you respond in a critical way to the
adequacy of NSF's response to this crisis?

Dr. CrusiN. I guess I am now placed in a position of disagreeing
with everybody.

Mr. NaGLE. You'd fit right in around here. [Laughter.]

Dr. CruBiN. Right. OTA has been looking over NSF’s shoulder
for at least three or four years now, on science education matters,
particularly at how education fits into the research mission of the
Foundation. So I have several responses.

I think organizationally NSF is much better off now, since it re-
organized into an Education and Human Resources Directorate,
than it was before. I think it has gotten serious about undergradu-
ate education. It took them a while, but they did, and I have told
Luther this privately and publicly.

It is now starting to get serious about K-12. And I am convinced
that the leadership understands that this notion of a system that is
connected from maybe even pre-kindergarten through graduate
school and into the early professional career is only going to be as
strong as its weakest link. There need to be ways of making con-
nections among these various stages of the system.

It is clear to OTA that NSF knows that. They have diagnosed
that. And now the question is, how do they make some changes all
along the pipeline? Particularly since they don’t have the resources
to do it adequately, in my view.
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I now will part company with Dr. Williams a bit. I think it is not
the role of the Federal Government to dictate what the reward
structure should be on campus. That’s what local educational lead-
ership is all about. And we heard from many leaders today, and
they are aware of what needs to happen.

Dr. Wirriams. Right, that’s what I said.

Dr. CuuBiN. In this particular case, they are able to push the
right buttons. However, that is not to say that NSF—and it’s not
just NSF as the FCCSET committee report makes it very clear that
this is the responsibility of all the research agencies, all of whom
have educational programs. It is going to take an effort that brings
all those together, across all stages of the system.

I believe that NSF, like the other agencies, has programs for the
very purpose of providing incentives to make people change their
behaviors. If NSF wants to get universities to reward undergradu-
a}t‘;e teaching, they can find a way of doing it, I have confidence in
them.

Mr. Wowrre. Thank you very much.

My ranking member, Mr. Boehlert, was unable to be here today,
but has asked that his introductory statement be entered into the
record. Without objection, it will be entered. I know that he shares
many of the concerns we have discussed today, and I think he will
be communicating directly with NSF, expressing those concerns.

[The prepared opening statement of Mr. Boehlert follows:]
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STATEMENT BY THE HONORABLE SHERWOOD BOEHLERT (R-NY)
JuLy 11, 1991

I want to thank you, Mr. Chairman, for calling this hearing on undergraduate science
education. I also want to welcome our distinguished witnesses and thank them for the
excellent written testimony they have submitted.

This is not the first hearing on science education, nor will it be the last, but this
hearing, building on the efforts of the Kaleidoscope Project's report, focuses our
attention on important and often underrepresented elements of our nation's
undergradua‘s science enterprise. Small colleges—liberal arts colleges, historically
black colleges an ¢ universities, women's colleges--have an ding record of

uccess in sci nd math education. This can be d in terms of the
number of science n.xjors who leave these schools and go on to graduate work in the
sciences. It is also evident in the large, if unquantifiable,number of students who
graduate from these schools with no intention of being professional scientists, but they
leave their undergraduate institution as citizens literate in the sciences, able to face the
challenges of our technologically complex world.

The witnesses appearing before us today will help highlight what these schools do well-
-often better than any other institutions—what others may learn from their success, and
also how these schools may do even better in the future.

The Federal government has an important role to play in setting out incentives that
reward professors for actively engaging in both teaching and research scholarship. [
lnok forward to hearing from Dr. Daryl Chubin of the Office of Technology
Assessment and Dr. Luther Williams of the National Science Foundation on what the
Federal government, most specifically NSF, can do to help create and reinforce these
incentives in the effort to build science communities.
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Mr. WoLPE. Let me express my appreciation to both Dr. Chubin
and Dr. Williams for your testimony today and for your assistance
to this committee.

Thank you very much. The hearing stands adjourned.

[Whereupon, at 1:09 p.m., the subcommittee adjourned, to recon-

vene at the call of the Chair.]
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APPENDIXES

NATIONAL SCIENCE FOUNDATION
Y. ASHINGTON D C 20550

July 12, 1991

OFFICE OF THE
DIRECTOR

The Honorable Howard Wolpe

House of Representatives

1421 Longworth House Office Bldg.
washington, D.C. 20515

Dear Mr. Wolpe:

I have become aware of your comments at yesterday's hearing
before the Subcommittee on Investigations and Oversight regarding
the poor impression conveyed to you and your staff by inquiries
from my staff.

First, let me assure you I appreciate and share your strong
support for undergraduate research and education programs,
including the Research in Undergraduate Institutions program. I
regret that there has been confusion regarding Foundation
management of the program. This program is supported across NSF
by our research directorates and enjoys significant success and
popularity.

It is my immediate intention to review thoroughly how well we are
managing the program and responding to the external community who
want information about it. Where we find deficiencies we will
make corrections. I will keep you informed about results and
would be glad to discuss this personally with you and other
interested committee members at your convenience.

I also am taking several steps to sensitize my staff to their
responsibilities regarding complete and open responsiveness to
Congressional and to public requirements for information.

Your support for the National Science Foundation is deeply
appreciated.

Sincerely,

W

Walter E. Massey
Director

(22D
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NATIONAL SCIENCE FOUNDATION
1800 G STREET, N.W.
WASHINGTON, D.C. 20550

September 13, 1991
N
e
OFFICE OF THE
ASSISTANT DIRECTOR

FOR EDUCATION AND
HUMAN RESOURCES

Honorable Howard Wolpe

Chairman, Subcommittee on
Investigations and Oversight

Committee on Science, Bpace, and
Technology

U. S. House of Representatives

Washington, DC 20515

Dear Mr. Chairman:

I am enclosing answers to your questions posed August 9, 1991, as
a result of the Bubcommittee hearing of July 11, 1991, on
"'Traditional anad Nontraditional Sources of PFuture Research
Scientists",

As you know, the Director of the National Science Foundation has
vested coordination and management of the cross-directorate
activites at NSF in the Directorate for Education and Human
Resources. Accordingly, I have revised the duties of Dr. Peter
Yankwich, who has functioned as the Directorate's Executive
Officer, permitting him to assume overall information and
coordination responsibility for all the referenced cross-
directorate programs. I will soon inform our external communities
of these actions.

Sincerely,

heow oS4 WO Lidnes

Luther §. Williams
Assistant Director

Enclosure,

Telephone (202) 357-7557 FAX (202) 357-9813
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QUESTIONS SUBMITTED FOR THE RECORD BY THE HONORABLE HOWARD WOLPE

1.

Pleass provide the budget targets and actual (or estimated)
expenditures for the Research in Undergraduate Institutions
(RUI), Research Experiences for Undergraduates (REU), Minority
Research Initiation (MRI) and Faoulty Awards for Women (FAW)
programs within each N8¥ Directorate for the Yiscal Years
1989-90, 1990-91, 1991-92,

The attached table (ATTACHMENT A) provides information on
budget targets and actuals for the requested programs for FY
1989-FY 1991. Only targets are provided for FY 1991 as the
year is not yet complete. From preliminary data it appears
that all targets will be met or exceeded as in the previous
two fiscal years. While a target is listed for FAW, it should
be pointed out that FAW is a line item in the EHR budget
unlike the other programs included here. Therefore, the
actual will be the same as the target.

Please provide the projected budget targets within each NSF
Directorate for the above programs for FY 1992-93.

Targets for FY 1992 will not be set until Congressional action
on the FY 1992 budget is complete. The targets are

established each year when the Current Plan for the year is
developed.

Please provide a summary of the decision-making process whicha
led sarlier this year to the decision to remove coordination
of the REU and RUI programs from the Bducation and Human
Resources (EHR) Directorate. Please cover the following
points in your response:

a. Date of and reason for the decision.

Date: December 26, 19¢7 and subsequent senior staff
meetings with the Acting Director and Acting Deputy
Director.

Reason: Management and fiscal responsibility for REU and
RUI were (and are) vestea in the disciplinary
directorates: BBS, CISE, ENG, GEO, and MPS. Proposals
are directed to the disciplinary programs within these
directorates, the review of them is implemented there,
and award/decline decisions are made there.

Documentation of the decision-making process. Please
attach all documents relating to and documenting this
decision, including minutes, letters, memos, electronic
mail, notes, telephone logs and other records of oral
communications.




Q

ERIC

PAFullToxt Provided by ERIC

2

As stated above, at its December 18, 1990 meeting the EHR
Policy Committee decided to recommend that several cross-—
directorate activities for which EHR had no fiscal or
management responsibility should be coordinated in the
research directorates. This preliminary decision was
communicated to the Acting Director and Acting Deputy
Director via memo (ATTACHMENT B) of December 26, 1990
recommending approval by the Acting Director.

Subsequent to December 26 (see e-mail of 2/7/91
(ATTACHMENT C) and memo of 2/25/91 (ATTACHMENT D)), Dr.
Ray Bowen, ENG, states that he considers the decisions to
be preliminary and raises the possibility that ENG may
not wish te assume responsibility feor MRI.

MPS moved immediately to begin coordination of REU
including preparation of new guidelines. BBS initiated
discussions relating to the issues involved in
coordinating the Career Advancement Awards and Reszarch
Planning Grants for Women.

No written directive was issued by the Acting Director
with regard to the recommendations of December 26, 1990,
but the issues were discussed and decided in subsequent
senior staff meetings. '

List names and positions of all persons involved in the
decision-making process and their roles. Specify by name
and position the final decision-maker(sj.

Members of the EHR Policy Committee:

Dr. Luther 5. Williams, Chair--AD/EHR
Dr. Mary E. Clutter--AD/BBS

Dr. Charles Brownstein--Acting AD/CISE
Dr. Ray Bowen--Acting AD/ENG

Dr. Robert Corell--AD/GEO

Dr. David Sanchez--AD/MPS

Dr. Karl Willenbrock--AD/STIA

office of the Director: Dr. John White, Acting
Deputy Director
Dr. James Hays, Senior
Science Advisor

Decision-Maker: Dr. Frederick M. Bernthal
Acting Director, NSF

The process by which NSF offices and outside parties were
notified of the decision. Please attach all documents,
including minutes, Jletters, memos, electronic mail,
notes, telephone 1logs and other records of oral
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comnunications, relating to the notification of both NSF
offices and outside parties of the decision.

The decision to transfer coordination of the cross-
directorate programs discussed herein to the disciplinary
research directorates was informally communicated to NSF
program staff. No formal notification was made to
outside parties pending review of effectiveness of
implementation.

Is there a consistent, decision-making process in place at the
NSF for issues relatad to the structure, organization ana
conduct of the above programs and other like programs at NSF?
Please provide any documents describing the decision-making
process and discuss in full the decision-making process,
including the following points:

Selection of “decision-makers"

The new Director of the National Science Foundation has
recently established a Director's Policy Group
(ATTACHMENT E) whose membership is made up of the
Assistant Directors, the Controller, and the Head of the
office of Legislative and Public Affairs. This group is
the forum for discussion of issues such as coordination
of cross-directorate programs. Preliminary decisions of
this group are normally discussed before formal issuance
with the Executive Council. The Executive Council is
chaired by the Deputy Director and its members include
the AD's, Deputy Assistant Directors, and Heads of Staff
Offices.

Documentation of decision-making process

0/D establishing the Director's Policy Group and revised
Executive Council is attached.

Chain of approval for proposals for changes in existing
procedures .

Suggested changes to existing procedures can originate
anywhere in the Foundation. They would usually be
brought to the Director's Policy Group through an
Assistant Director. Any formal proposed decision of
record is normally reviewed by the Assistant to the
Director and the Deputy Director before signature by the
Director.

Method of notification of outside parties and Congress of
any changes made.

Normal procedure for notification of outside parties
would include as appropriate: an Important Notice to
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Presidents of Institutions, an item in the NSF Bulletin,
inclusion in the annual Guide to Programs, items in
professional society publications, discussion at public
meetings. Congressional notification would normally be
accomplished by formal letters and briefings to the
authorization and appropriations committees, along with
day~to~-day liaison at the staff level.

Pleass provide the name, position, office and specific duties
of all individualas (excluding support staff) ocurrently
involved with coordination, cortact with the public, and
preparation of announcements, avaluation and recommendations
for the REU, RUI, HRI and FAW Drograms.

REU: Dr. Deborah Lockhart, Coordinator
Staff Assocliate, AD/MPS

From February to August 1991, Dr. Lockhart
provided a single point of contact for questions
from the research community (and others) about the
REU program, including application procedures,
deadlines, and specific disciplinary contacts in
Divisions. She coordinated the review of new
guidelines, including arranging for printing and
distribution. She has also prepared an annual
informational listing of funded projects for public
distribution. From August to the present Dr. James
Wright assumed these responsibilities.

None. From February 1991 to the present research
directorates assumed responsibility for coordination
of this activity.

None. From February 1991 to the present research
directorates assumed responsibility for coodination
of this activity.

Dr. Sonia Ortega
Associate Program Director
Division of Human Resource Development, EHR

Dr. Ortega serves as the program officer with full
responsibility for the FAW program. She has a
Foundation-~wide advisory committee comprised of
program officers from all of the disciplinary
research divisions. With the assistance of this
committee, she developed review procedures,
established panels, coordinated award/decline
recommendations with research programs, developed
materis's for communicating with awardees, and has
set in j'lace procedures for monitoring awards and
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»
revising quidelines for future competitions.

The situation described above will change during September
1991 when a full-time Senior Staff Associate for Coordination
of Cross-Directorate Programs will be appointed within the
Directorate for Education and Human Resources. Overall
coordination, contact with the public, preparation of
announcements, preparation of special reports, recommendations

for program evaluation and program revision will all be vested
in this position.
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WASHINGTON. 0.6, 3550 ATTACHMENT B

Decembter 26, 1990

-0 Rayaond Bewen
Charles Browmstein
Macry Clutter
JRobert Corell
- pavid Sanchez
Karl Willeabroek

FRCM: tuther 6, Williams

SUBJECT: <Cross-Divectorate Frograzs

At our Decexzber 15th meeting, we (tha EER Policy Cemmittea) decidad
that the follecuing cross-directorate programs, for which the
research directorates have zanage=ent sad fixcal responsibilities,
would be transferred {n {ul]l to the resesrch directorates. Thus,
chis pemorandum iz to reiterata that decisicn and to recormend to
the Beting Disector approval of <the +tringfer of program
coordinetion respousibility frea the EHR Directorate to the
research directcrates for:

() Research Experiezces for Undergraduates (RET) -
(already a.cccz,—l.‘.s.‘:ed) H

(b} Research in Undergraduate Iagtituticas (RUZ):

(¢} MHinorisy Research Initfatica (MRI} .
(?lanning a=d regular) ¢rants; S

(¢} TFesearch Flaamine Grants (RPCs)
and Cazeer Rdvascezent Awards (CARg); and

(e} Tie Presidential Young Investigater Progra=

Lo e Subasd

Luther §. Willlaxs

c¢: Dr. aernthal, 0/D
Dr. White, O/DD . -

Telophene (200) 3577587 FAX (202 3576418

Q =
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ATTACHMENT C

{20) From: rpowen &t Nsf18 2/7/91 S:36PK (649 Dytes: 34 1n)

To: lwilliam et KOIZ

cc: cbrownst at NOTL, Gsanches at NOTS, Xwillenb at NOTE, aclutter et NOTE,
rcorelili at pafi2

bce: lewbite, tbewen, wasier, skamnits, pherer

$ab4ect: Clsrification???7?

e mn—— - Kess8ce CONTLONLS ~“orecwececmciacnccncooncana

1 neec 3c8 clarificgtion ot & couple Of issues whick we
disceaeed at the last ERR policy Coomittes meeting.

The first issue cencerns tie amount Of NV BOrTey available
in FY92 for TAM. Both Cave Sanches and I tdought we hesrd
you indicate that in FYI2 you were requesting for REM an
edcizicnal $2.5M¢ foxr FAW. Thia roquest, if lucded, would
yield §5Mt to support the “second f£2ifiy® FANs from the §Y91
solicitation end the second year of the "firsc fifsy*.
During & conversetion with soem of the ENG atsaff concerted
with FAN, ons of the= poiated out that the FYS2 dudget
request f0r FAM only shova $#2,.65M. (See page

EHR-26). Either Dave snd I alsundezatodd, or you Tuat heve
sone Other 1des as to how to fund tie second f£ifty. Plesse
help us understand hev the second £ifty will be funcad.

The sensitivity of the nutber and how they are funded ig

iven by ry discemfort Over the gnall sllocation ($) froz
the first fifty which ENG 13 supposed to receive. 1If we
shculd end up funding only Zifty, then we #mst Cohe tO scma
egreerant on a nev distribution.

The seccrd lssua ccncerny the preliminary digcussios we had
abcut 8saigring certaln EHR progracs to the other
Directerstes. I incicated our interdst in sasuzing
respensibllty for the MRI program. In taking this position,
T sasseed that MR involved working with minority
institsticas rather than with minority investicaters,
segazcless of ipstituticn., If the latuier fa the case, thaa
¢ would liXxe the OfFpersunity to lesrn more sheut thta
respczainilivy befcze I commit our pecple. If the Zecrme: is
whe case, than we are very much {nterested. ThIcugt an
Lniciasive started by Jcho wnits last yeaz, wve have
estaslisnec Tel8tinanips witkh the E3CU's whichk hiva
AGLNeeTLNS PoigTa=s.  We wetld like the oppersunity tc
nlarge these rel8tionglips vith othaer minority

utiens. I alsc undersIaad that you have 2 Research f{c:s

S¢tclazy prograz. We have 8- i-teres: Lz this

FIreGgIas shculd At D6 Cne wnila you Put On your list foI

l distrilesien.

for us, we d:
shaze by accertifg Ctle esconsitilitlen.
ez, we wCuld enily naving
y g3z the FY Saren Midaledor?, ef
icn, L3 expert o the current program and weuld
able %817 pOIITN tT 8BELGT tO this

o T T TS

£O > Cre
b

I hepe you had 8 goocd EMR retreat. I will be out 07 towva
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duzing the veek of Feb 11, 1 will bo resding =y Email
during part of the week should you want to answer this nots.

Thanks
Ray
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WASrNCTON O 3033¢ ATTACHMENT D

Fetreary 25, 199.

oreiCE @r ToE
asvigT AN DiagCTOR
CeR ERE NEEA G

MEMCRANDUM

e Tuthker §. Williazs
Assistant Director,

FROM: Ray M. Scwen P 4««.«,

Acting Assistan Tector, EN

 SUBJECT: Cress-Directer Prograns

“e purpcse of this pemorandum is to alert ycu to a small peint
which was overlocked in your rexorandum of February 19, 1991 tc the
rembers of the EHR Policy Comzittee. 1In an Email nessage to vo‘u
dated February 7, 1991, I requested nore information about the
Minority Research Initiation (MRI) prograz prior to ENG assuring
responsibility. I explaired in that nessage we are interested in
increasing our activities with minority institutions. If the
program also involves the administration of awards to minority
researchers recardless of their institutional affiliation, then ve
would llke to learn more abcut the program prior to accapting
responsibility., In the same Z=ail message, I expressed an interest
irn ENG having & rcle with veur Minerity Schelars Preqra=n.

yeu will _‘.i_e.-.:;fy 3 contact perscn within EHR fer
grax, we will study this procran further. Thank you f¢
anticn tc this requess.
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ATTACHMENT E

NATICHAL SCIENCE FOUNDATION
OFFICE OF THE DIRECICR
WARSHINGTON, D.C. 20550

STAFF MEMORANDCM

o/D ¢l-12

May z, lo9i
ADMINISTRATION AND MANAGEMENT

SUBJECT: Director'‘s Policy Group

Since assuning the Directorship ot the Natiohal Science
Foundation last month I have recognized the need for a new senicr
consultative group in addition to the Foundation's existing
Executive Council. The new group--to be called the Directer's
Policy Group (DFG)=--will consist of the Foundation's Assistant
Directors plus the Directors of the Office of Budget and Control
(OBAC) and the Office of Legislative and Public Affairs (OLPA).

I expect to meet with this group weekly to seek their advice and
assistance on a wide range of policy matters.

Executive Council, consisting of the Assistant Directors or their
designees and the Directors of all staff offices within the
Office of the Director, will serve as a forum for consultation
and communication within the Foundation. one of its principal
purposes will be to insure that proposed changes to policies and
practices are adequately discussed by appropriate Foundaticn
staff prior to implermentation. Executive Council will conrt:rue
to review all task force and ccznittee reports, and will
coordinate executive activities such as budcet planning and
guarterly reviews. Dr. Bernthal will chair the Executive

Council.
Walter E. Massey ///
Directcr
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